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IN DEDICATION TO
DR. DONALD MCVEY

Dr. Donald V. McVey, retired USDA—ARS Research Plant Pathologist, Cereal Dis-
ease Laboratory, St. Paul, passed away at home, surrounded by family on December
16,2010. He was 88 years old. Don retired from the Agricultural Research Service
on 3 Septembe, 2001, after more than 40 years of service.

Don’s research played a pivotal role in the protection of cereal crops from
leaf and stem rust, especially in spring and winter wheat cultivars in the Central and
Northern Great Plains. Don began his career with ARS in 1960 working in Puerto
Rico testing wheat accessions for resistance to race 15B of stem rust, which had
caused serious losses in wheat in1953 and 1954. In 1965, Don was transferred to the
Cooperative Rust Laboratory.

Don was best known for his work in testing wheat breeding lines for resis-
tance to stem and leaf rust resistance. Don excelled in evaluating rust resistance in
field nurseries, using carefully selected rust races and methods that enabled selec-
tion for resistant genotypes to be made each season. Don was a leader in postulating
the identity of leaf and stem rust resistance genes that were present in advanced breeding lines from wheat programs
throughout the country. Working with Dr. Bob Busch, Don was involved with the release of ‘Era’ wheat in 1970. Era
was the first semidwarf spring wheat cultivar in the upper Midwest that was released by a public institution. Era offered
a significant yield advantage over previous spring wheat cultivars and was resistant to stem and leaf rust. Era has been
used as a parent in wheat breeding programs and is in the pedigree of many of the present day spring wheat cultivars.
Don was also contributed greatly in the development of the cultivar "Marshall® that was released by Minnesota in 1982.
Marshall had high yield potential and was the yield standard for the hard red spring wheat. Another notable cultivar that
Don helped to develop was the winter wheat *Siouxland’ released by Nebraska. This cultivar was the first wheat to have
two leaf and stem rust resistance genes derived from wild relatives of wheat. Siouxland was widely adapted to the Great
Plains region and was grown from Texas to South Dakota.

In his latter years at the Cereal Disease Laboratory, Don worked particularly closely with the wheat breeding
programs at the University of Minnesota, South Dakota State University, and the University of Nebraska. Don was listed
as an author on many wheat cultivars that were released by these institutions. A recent cultivar from Minnesota that Don
helped to develop is "McVey*, which was one of the first modern spring wheat cultivars with some resistance to Fusari-
um head blight. The fact that stem rust was virtually eliminated as a pathogen of wheat in the U.S. can be attributed to
the thorough screening for stem rust resistance that Don performed for wheat breeding programs throughout the U.S. In
his last years at the Cereal Disease Laboratory, Don also assumed responsibility for conducting the annual race survey
of wheat stem rust in the U.S. that has been very important in the development of breeding lines for stem rust resistance.
Through his publications and participation in workshops and conferences, Don’s contributions were widely recognized
and appreciated by both cereal rust pathologists and wheat breeders.
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I. SPECIAL REPORTS

This seed is being distributed in accordance with the ‘Wheat Workers’ Code of Ethics for Distribution of Germ Plasm’,

WHEAT WORKER’S CODE OF ETHICS

developed and adopted by the National Wheat Improvement Committee on 5 November, 1994. Acceptance of this seed
constitutes agreement.

1.

The originating breeder, institution, or company has certain rights to the material. These rights are
not waived with the distribution of seeds or plant material but remain with the originator.

The recipient of unreleased seeds or plant material shall make no secondary distributions of the germ plasm
without the permission of the owner/breeder.

The owner/breeder in distributing seeds or other propagating material grants permission for its use in
tests under the recipient’s control or as a parent for making crosses from which selections will be made. Uses
for which written approval of the owner/breeder is required include:

(a) Testing in regional or international nurseries;

(b) Increase and release as a cultivar;

(¢) Reselection from within the stock;

(d) Use as a parent of a commercial F, hybrid, synthetic, or multiline cultivar;

(e) Use as a recurrent parent in backcrossing;

(f) Mutation breeding;

(g) Selection of somaclonal variants; or

(h) Use as a recipient parent for asexual gene transfer, including gene transfer using molecular genetic
techniques.

Plant materials of this nature entered in crop cultivar trials shall not be used for seed increase. Reasonable
precautions to ensure retention or recovery of plant materials at harvest shall be taken.
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II. CONTRIBUTIONS

ITEMS FROM ARGENTINA

CORDOBA NATIONAL UNIVERSITY
College of Agriculture, P.O. Box 509, 5000 Coérdoba, Argentina.

Genetic progress after 10 cycles of recurrent selection in bread wheat.
Ariel Demarchi and Ricardo Héctor Maich

Seed samples of 11 segregating and recombinant populations corresponding to 10 cycles of a recurrent selection program
(C, to C,)) performed under rainfed condition were sown in 2009 at the Experimental Farm of the College of Agriculture
(Cdrdoba National University). Fifty seed/population were seeded directly with 0.20 cm between populations. Those
plants with a minimum number of fertile tillers were threshed to obtain enough seed for the next S-derived family evalu-
ation (four/population) in one-row plots with replications and using a seeding rate of 150 seed/m?. In 2010, the material
were directly seeded using a completely randomized design replicated twice. From a random sample of 15 plants/plot,
we measured or estimated plant height (cm), harvest index/plant (%), 1,000-kernel weight (g), seed/spike, seed/spikelet,
and grain yield/spike (g). Table 1 gives the statistical analysis of the C,C,,C,,C,, C,, and C, data.

These pr‘eliminary Table 1. Statistical analysis of populations corresponding to 10 cycles of recurrent selection.
results give us a clge The means in each column followed by similar letter(s) are not significantly different at a 5%
about the changes in - :

he original ) probability level using the DGC Test.

t Oeoi)rlgﬁstrfenit)lc Harvest |1,000-kernel Grain yield/
Poo.. ol Plant height| index/plant | weight Seed/spike [Seed/spikeletf  spike
the results obtained Cvel (cm) (%) @ @ @ ®
by Maich et al. yee om 2 g g g g
(2007), after six C, 1043 b 283 a 38.8b 224 a 120 a 0.87 a
cycles of recurrent C, 99.0b 255a 323a 26.8b 1.29a 0.84a
selection wherg C, 936a 31.1b 365D 28.8b 143D 1.02b
none of the vari- C 91.8a 312b 37.1b 283 b 1.40 b 1.04 b
ables analyzed in the &

present study varied C, 980b 31.6b 386b 278 b 125a 1.08 b
significantly, we ob- | C, 980b 330b 383D 310b 1.50b 1.14b

served some of the

physiological and

physical yield components were moving in the desired direction. A significant, positive, and linear (R*= 0.47) associa-
tion between grain yield/spike and the cycle of recurrent selection performed was detected (b = 0.03).

Reference.

Maich R, Ortega D, Masgrau A, and Manera G. 2007. Genetic achievements under rainfed conditions. In: Wheat Pro-
duction in Stressed Environments (Buck HT, Nisi JE, and Salomén N, Eds), Proc 7th Internat Wheat Conf. Springer,
New York, NY. Pp. 321-329.
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ITEMS FROM BRAZIL

BRAZILIAN AGRICULTURAL RESEARCH CORPORATION — EMBRAPA
Rodovia BR 285, km 294, Caixa Postal 451, Passo Fundo, RS, Brazil.

The triticale crop in Brazil.
Alfredo do Nascimento, Junior.

In Brazil, between 2000 and 2004, the area on which triticale was grown stabilized between 109 and 126 x 10° ha; a
maximum area (134,868 ha) was harvested in 2005. This area has declined since 2007. In 2009, 69,350 ha of triticale
were recorded, the smallest area in nine years. The national average yield of triticale grain in 2009 was 2,157 kg/ha, less
than that of the previous year (2,441 kg/ha), and significantly below the global average of 3,927 kg/ha in 2009 (FAO
2010, IBGE 2010). When comparing grain yields, however, the plant type should be considered. In Brazil, triticale
cultivars are spring type, the same as in Australia with similar yields in both countries. In countries such as Germany,
France, Poland, and Sweden, triticale is a winter crop requiring longer cycles and vernalization, with average grain yields
higher than 5,000 kg/ha.

Currently, triticale is sown in the states of Rio Grande do Sul, Santa Catarina, Parand, Mato Grosso do Sul, Sao
Paulo, and Minas Gerais in Brazil. The IBGE data do not include Mato Grosso do Sul and Minas Gerais. The largest
areas of triticale were harvested in Parand and S3o Paulo, and the average grain yield was highest in Sdo Paulo in 2009.
Together, Parand and Sao Paulo account for 86% of the national triticale production. In the states of Parand, Sao Paulo,
Mato Grosso do Sul, and Minas Gerais, blast (Pyricularia grisea) is the main problem effecting triticale and wheat.
Other cereals, such as barley, oat, and rice, and species of weedy grasses, also are hosts for blast. In green house experi-
ments, we observed that all Brazilian triticale cultivars were susceptible. In 2009, the disesase reduced triticale produc-
tion up to 100% in some areas.

In southern Brazil, Fusarium head blight is one of the most yield-limiting factors for triticale and other winter
cereals. The search for less susceptible genotypes to the disease is a constant in our breeding programs.

References.
Food and Agricultural Organization of the United Nations. 2011. FAOSTAT - http://faostat.fao.org/site/567/default.aspx

IPagelD=567#ancor.
Instituto Brasileiro de Geografia e Estatistica. Levantamento Sistemdtico da Producdo Agricola. http://www.ibge.gov.br/

home/estatistica/indicadores/agropecuaria/lspa/default.shtm.

BRS Saturno — the newest triticale cultivar developed in Brazil.

Alfredo do Nascimento, Junior, Marcio Sée Silva, Eduardo Caierdo, and Pedro Luiz Scheeren.

Pedigree and breeding method. The cultivar BRS Saturno resulted from the cross ‘PFT 512/CEP 28—Guard’ made by
Embrapa Trigo in 1995. The line PFT 512 was derived from the cross ‘ANOAS/CEP 23-Tatu’ at the International Cen-
tre for Maize and Wheat Improvement Center (CIMMYT) in El Batan, Mexico, in 1986. This line was introduced by
Embrapa into the 26th International Triticale Yield Nursery (ITYN) in Passo Fundo (RS) in 1993. The ITYN, composed
of inbred triticale lines, was sent to several countries for evaluation and selection. Entry number 11 (of the 26th ITYN)
with the selection sequence CTM86.123-17MI-2MI-13BI-2Y-0PAP-1Y-0B was selected. Number 11 was subjected

to modified mass selection in Passo Fundo, where atypical and agriculturally inadequate plants were eliminated and
superior and homogeneous plants selected, resulting in the following selection sequence: CTM86.123-17MI-2MI-13BI-
2Y-0PAP-1Y-0B-0F (OF = selection in Passo Fundo-RS ) resulting in the line PFT 512. Segregating populations were
developed and selected in Passo Fundo, by the pedigree method, from 1997 on, leading to the selection of 100 spikes
from plot 710108. In 1998, all 100 spikes were sown in rows, one spike/row, and spikes were selected, one/plant, from
12 plants of row 7 in plot 820485, which were separately sown in rows (one spike/row) in 1999. In the same year, spikes

4
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of two sister lines were harvested from the plots 920356 and 920357. Twelve spikes/row were phenotypically selected
increase homogeneity. In 2000, the genotype was included in the internal collection of Embrapa—Wheat for agronomic
and biological evaluation and was simultaneously grown in a spike-multiplication plot for seed production. In 2001, the
genotype was labeled PFT 112, for the preliminary triticale trial (EPRTCL) in Passo Fundo. Between 2002 and 2004,
seed of the line was multiplied and purified and again selected in rows (one spike/row) with subsequent mass multipli-
cation. From 2003 to 2010, PFT 112 was tested in the Value for Cultivation and Use of Triticale Trial (VCUTCL) at
various locations in southern Brazil, where it stood out for its grain yield, hectoliter weight, and less susceptibility to
Fusairum head blight. PFT 112 was assessed in the Distinctness, Uniformity and Stability (DUS) Trials in 2003, 2004,
and 2005 by Embrapa—Wheat, in Passo Fundo.

Performance. The triticale cultivar BRS Saturno is resistant to powdery mildew and leaf rust; tolerant to blight;
moderately resistant to leaf spots (B. sorokiniana, Drechslera spp., and St. nodorum) and to soilborne wheat mosaic
virus (SBWMYV); moderately susceptible to preharvest sprouting, barley yellow dwarf virus (BYDV), and bacterial leaf
streak (Xanthomonas translucens and Pseudomonas spp.); and susceptible to blast (Pyricularia grisea) and Fusarium
head blight, with a lower susceptibility level to Fusarium than other triticale cultivars in Brazil.

BRS Saturno is hexaploid, has a medium cycle (70-85 days from emergence to heading and 135-150 days
to maturity), and a tall plant height (117 cm in Passo Fundo). Anthocyanin pigmentation in the coleoptile is strong to
very strong, and low to mean in the auricle. Waxiness of the flag leaf sheath is strong. The spikes are long, completely
awned, and light in color at maturity. The hair density of the stem is high.

This is the second Brazilian triticale cultivar developed by crosses made in Brazil. The lower susceptibility to
FHB than that of other triticale cultivars (types I, II, III, and V), excellent grain quality, higher hectoliter weight than
of the recommended varieties, and considerable yield adaptability indicate that this cultivar is valuable in production
systems.

In the VCU studies conducted in Rio Grande do Sul, Santa Catarina, Parana, Mato Grosso do Sul, and Sao
Paulo between 2003 and 2005, the grain yield of BRS Saturno was 3,946 kg/ha, exceeding by 12.3% the mean yield of
the two best triticale cultivars at each site (BRS 148, BRS 203, Embrapa 53, or lapar 23—Arapoti) used as standards.

The mean performance of BRS Saturno for each state between 2003 and 2010 is in Table 1. Grain yield (1,121
kg/ha) was lowest in Mato Grosso do Sul and highest (8,347 kg/ha) in Sao Paulo (both in 2006). The mean value was
4,310 kg/ha. According to field observations, and despite the spring growth habit, low temperatures during the vegeta-
tive growth favor the performance of BRS Saturno. Thus, environments with drought and high temperatures do not
allow for the maximum yield expression of the cultivar. However, environments with adequate water availability and
lower temperatures during plant development show the yield potential of BRS Saturno, which exceeds those of the main
varieties in Brazil, especially in years of excessive rainfall with the occurrence of FHB during flowering, due to the
lower susceptibility of BRS Saturno. Table 1 shows that 17 of the 29 entries that exceeded 4,000 kg/ha were grown in
the southern states (RS, SC, and PR), with exception of the maximum yield in Sao Paulo in 2006.

Due to the performance of BRS Saturno and the similarity of climate and cultivation between Santa Catarina
and Rio Grande do Sul (southern region) and Parand, Mato Grosso do Sul, and Sao Paulo (central south region) and the
currently available cultivation technologies, this triticale cultivar was included in the National Registry of Plant Varieties

Table 1. Grain yield average (kg/ha) of BRS Saturno, from 2003 to 2010, in experiments in the Value for Cultiva-

tion and Use Trials in the southern states of Brazil (— indicates no yield trials were conducted at these locations in the
respective year).
Year

State 2003 2004 2005 2006 2007 2008 2009 2010 Mean
Rio Grande do Sol 4,203 3,765 4,198 4221 3,897 4455 4420 5,021 4273
Santa Catarina 5,517 4,246 2,874 4871 4,166 5,093 — — 4461
Parand 3,527 4,784 4,525 7,677 5,654 6,229 — 3,991 5,198
Séo Paulo 3,231 3,833 3,607 8,347 — — — — 4755
Mato Grosso do Sul — 2,988 1,207 1,121 — — — 3317 2,158
General mean 4,310
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(no. 26744, on 21 May, 2010), for grain production and trade in all wheat-growing regions in south and south-central
Brazil (RS, SC, PR, MS, and SP), under rainfed cultivation in the cold season.

The grains of BRS Saturno can be used in human and animal nutrition and the flour for the production of cook-
ies and pasta food.

Seed maintainence and distribution. BRS Saturno is a protected cultivar; Embrapa is in charge of basic seed multi-

plication, by the Servi¢o de Negdcios para Transferéncia de Tecnologia da Embrapa (SNT), and the multiplication of
certified seed in partnership with the Fundacio Pr6-Sementes de Apoio a Pesquisa.

Wheat in Brazil — the 2010 crop year.

Eduardo Caierdo, Pedro L. Scheeren, Mdrcio S6 e Silva, Ricardo Lima de Castro, Adeliano Cargnin, and Alfredo do
Nascimento Junior.

I,n the 2010 crop year, Brazilian wheat produc-. Table 2. Cultivated area, total production, and grain yield of
tion was nearly 6 x 10° tons (Conab 2011), which | L oo i Brazil in 2010 (Source: CONAB 2011).
is enough to supply 50% of the domestic demand . —
(Table 2). The deficit in production makes Brazil X Area Production Grain yield
the largest wheat importer. The southern region, Region (ha x 1,000) (t x 1,000) (kg/ha)
comprised of the states of Rio Grande do Sul, North — — —
Santa Catarina, and Parand, accounts for 94% of Northeast — — _
the national production. Nonetheless, due to the West—central 554 1532 77650
characteristics of the cultivation system utilized, the Southeast 668 196.6 29430
average grain yield is not the highest in the country. South 20276 5531.0 27280
Brazil 2,149.8 5,881.6 2,736.0

In 2010, the wheat area planted was lower
than 2009 (2,149.8 to 2,428.0). Total production
and average grain yield/ha in 2010 were about 15.0% smaller than those of 2009. The average grain yield in the south-
ern region of Brazil in the 2010 crop season was the highest in the history. Low temperatures during the vegetative and
grain-filling stages associated with sunny days contributed to high productivity. The grain quality was good as well.

Reference.
CONAB, 2011. Companhia Nacional de Abastecimento. Central de Informagdes Agropecudrias/Graos/Trigo. Disponiv-

el em: http://www.conab.gov.br/conabweb/index.php?PAG=131.

Wheat genetic progress from 2007 to 2010 in the state of Rio Grande do Sul, Brazil.

Ricardo Lima de Castro, Eduardo Caierdo, Adeliano Cargnin, Pedro Luiz Scheeren, Marcio S6 e Silva, and Alfredo do
Nascimento Junior.

Rio Grande do Sul State is one of the main wheat-growing areas in Brazil (around 35% of the Brazilian production).
Important wheat breeding research is based in the State. The genetic progress and benefit resulting from these programs
were compared through estimates for the period of 2007 to 2010. The analysis was performed on grain yield data (kg/
ha) collected in the annual state yield trials network using the minimum squares method by the Brazilian Wheat Research
Commission. The inclusion, exclusion, permanence, and renewal rates of the genotypes in the trials and in the recom-
mended wheat lists also were studied on the same set of data. The genetic progress made in wheat yield estimated for
Rio Grande do Sul was 7.8% for 2007-10. The genotype inclusion rate was 0.0%, 25.6% and 17.1% for the years 2008,
2009, and 2010, respectively. The genotype exclusion rate was 0.0%, 20.9% and 26.8% in the years 2008, 2009, and
2010, respectively. The maximum rate of genotype renewal was in 2009, reaching 32.4%. The Rio Grande do Sul wheat
breeding programs were highly effective fpr the period studied with annual mean genetic gain of 1,9% (62.7 kg/ha/year).
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Active Wheat Germplasm Bank of Embrapa: current situation and future perspectives.

Adeliano Cargnin, Eduardo Caierdo, Ricardo Lima Castro, Marcio S6 e Silva, Pedro Luiz Scheeren, Luciano Consoli,
Sandra Brammer, and Flavio Santana.

The Active Wheat Germplasm Bank (AGB—Wheat) located at Embrapa Trigo, Passo Fundo, RS, Brazil, was funded in
1978, and since that time is concerned with enhancement as well as biodiversity conservation of wheat and related spe-
cies. Today there around 15,000 wheat accessessions, including related species, registered and stored at AGB-Wheat.
At this moment, AGB-Wheat is under restructuring in order to resize the bank and eliminate of the redundance, which
means the actual number of accession will be reduced in the future. Under conservation are species from the genera
Triticum, Aegilops, Agropyron, Elymus, Elytrigia, and Leymus. The accession data are managed by an appropriate
software system. As a routine, AGB-Wheat activities include diversity enhancement, conservation, characterization, and
evaluation. In the last two years, 1,742 new accessions from Brazil and other countries were introduced into the AGB,
and 1,130 access were distributed in exchange to different institutions including other Embrapa stations. During this
time, we multiplied/regenerated and morphologically characterized 2,512 accessions in the field and in the greenhouse.
The organization and validation of a core collection of 240 accessions will be increased in the near future to better
represent the whole AGB collection. Characterization and evaluation related to the main concerns for wheat growing
in Brazil, such as biotic stress (Fusarium head blight and wheat blast), abiotic stress (sprouting), and technological flour
quality will be made on the core collection. In addition, molecular and cytological analyses will be done.

ITEMS FROM CROATIA

BC INSTITUTE FOR BREEDING AND PRODUCTION OF FIELD CROPS
Rugvica, Dugoselska 7, 10370 Dugo Selo, Croatia.
Department of Cereal and Forage Crops, Botinec, Zagreb, Croatia.

Slobodan Tomasovi¢, Rade Mlinar, Ivica Iki¢, Branko Palaversi¢, Katarina Juki¢, Tomislav Ivanusi¢, and Marko
Maricevic.

A new generation of winter wheat cultivars developed at the Bc Institute Zagreb.

Work on breeding winter wheat at the Zagreb Bc Institute have been in progress continuously for more than 60 years.
The results of this work are many cultivars registered in the Republic of Croatia and abroad. A new generation of winter
wheat cultivars have been developed taking into account the needs and demands of the producers, including B¢ Mira, Bc
Renata, Dora, Marina, Bc Lidija, Bc Lira, Bc Irena, and Bc Anica.

Bc Irena dnd Bc Anica are the newest registered winter wheat cultivars from the Bc Institute in 2010 (Table 1
and Table 2, p. 8). The main characteristics of these cultivars is a broad genetic base that provides a high yield poten-
tial, stability, and very good grain and flour quality. These cultivars represent progress in wheat breeding. The results
of the Committee for

Variety Registration, Table 1. Yield results of the new winter wheat cultivar Bc Irena comparied with the stand-
small- and large-scale ard cultivars (The Committee for Variety Registration of the Republic of Croatia, 2007-10).
trials, and seed produc- Yield results (t/ha) Sana | Zitarka | Divana
tion confirm a high Cultivar | 2007-08 | 2008-09 | 2009-10 | Average | =100 | =100 | =100
ffer?::;r?;crevf:;‘:egflgc Belrena | 9069 | 7.690 | 5234 | 7331 | 1010 | 1047 | 1217

. Sana 9.201 7.124 5456 7.260 100.0
winter wheats (Table .
3,p. 8, and Figs. 1 and Zitarka 8.221 7.328 5.463 7.004 100.0
2,p.8). They have Divana 6.962 6.416 4.688 6.022 100.0
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surpassed the check for the most
important yield components in
these tests. Because of thier
morphology and biology, these
new cultivars are resistance to
lodging and the most important
wheat diseases. Bc Renata and
Bc Lira also are suitable for
ecological production and under

Table 2. Yield results of the new winter wheat cultivar Bc Anica comparied with
the standard cultivars (The Committee for Variety Registration of the Republic of
Croatia, 2008-10).

Yield results (t/ha) Srpanjka | Zitarka | Divana
Cultivar | 2008-09 | 2009-10 | Average =100 =100 =100
Bc Anica 8.539 6.576 7.558 112.4 1154 1329
Srpanjka 7.956 5492 6.724 100.0
Zitarka 7.666 5435 6.551 100.0
Divana 6.590 4.788 5.689 100.0

rationalized technology achieve

very good results. Dora,

Marina, Be Lidija, Bc Irena, Table 3. Yield results (t/ha) of 14 winter wheat cultivars in the large-scale trials of the
and Be Anica meet the Zagreb Bc Institute at the Tupanja, Lovas, and Agromedimurje locations in 2010.
requirements of the milling Cultivar iupanja Lovas Agromedimurje | Average
and baking industry, and Bc | Marija 7.17 8.09 6.81 7.36
Mira, Bc Renata, and Bc Sana 6.84 8.80 7.58 7.74
Lira can be grouped into a Zdenka 6.27 7.92 6.85 7.01
class of high-quality culti- [ prim, 7.25 8.43 8.71 8.13
vars (Table 4, p. 9). This 5 Apte 6.87 7.88 7.04 7.26
new generation of Be culti- — o o/ 723 8.54 771 7.83
vars provides an opportunity -
for our farmers to sow and Adriana 7.22 7.56 7.57 7.45
produce better material with | B¢ Renata 6.47 8.10 745 7.34
increased quality, whichisa | B¢ Mira 6.41 7.95 7.95 7.44
step forward in wheat pro- Dora 6.93 7.69 7.46 7.36
duction, certainly the goal Marina 6.93 7.98 7.11 7.24
of breeding. Bc Lidija 701 7.54 7.09 7.21
Mihelca 6.92 7.17 7.14 7.08
Bc Lira 6.14 6.54 7.06 6.58
Average of trial locations 6.81 7.87 7.40

8.5 8

8 1 7.5 4
7.5 4
6.5 1
6.5 4
5.5 1 5.5 1
5 5 4

Bc MIRA Bc RENATA Bc LIDIJA MARINA Bc MIRA

Fig. 1. Yield results (t/ha) of the Bc winter wheat Fig. 2. Yield results (t/ha) of the B¢ winter wheat
cultivars in large-scale trials, 2009 and 2010. cultivars in small-scale trials, 2009 and 2010.
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Table 4. Test results of the milling and baking quality in large-scale trial at the Agromedimurje location, 2009—10.
Sedimentation Protein Wet gluten Falling number
Cultivar (mL) (%) (%) (sec)
Bc Lira 54 14.5 339 228
Bc Renata 49 13.7 31.14 218
Dora 42 13.3 28.3 242
Farinogram Extensogram
Dough Degree
Water develop- Resist- of Extensi- | Resist-
absorption ment Stability | ance | softening | Quality | Quality | Energy | bility ance
(%) time (min) (min) (min) FJ)) number | group | (cm?) (mm) (EJ) R/E
654 4.0 2.8 6.8 50 72.5 A2 121.0 217 225 1.04
61.2 24 2.9 53 50 719 A2 101.3 211 225 1.07
65.5 2.1 0.6 2.7 60 63.5 Bl 50.5 159 155 0.97

The effect of Fusarium head blight on grain yield reduction in wheat.

Fusarium head blight is the most important wheat disease in the world. Apart from reducing yields, FHB also affects
grain quality by producing the mycotoxins deoxynivalenon and zearalenone. Because chemical protection is ineffective,
breeding for resistance is the best means of control. We examined the influence of FHB on grain yield, 1,000-kernel

weight, and test weight in winter wheat lines. Two identical experiments with 25 wheat lines were planted; one was ar-
tificially inoculated by spraying with a spore suspension of F. graminearum, and the other was under natural conditions.
The trials were planted at Botinec in 2007 and 2008. Under natural conditions, infection with F. graminearum was mild,
and average yields of 5,325.3 kg/ha in 2007 and 9,453.5 kg/ha in 2008 were achieved. Under artificial infection, average
yields were lower by 24.0% in 2007 and 29.3% in 2008 (Table 5; Fig. 3, and Figs. 4 and 5, p. 10). Significant correla-
tion coefficients were obtained between the infection severity and grain yield reduction (r = 0.48 and r = 0.76). Correla-

Table 5. The effect of Fusarium graminearum on average grain yield (kg/ha), 1,000-kernel weight (g), and test weight
(kg) of 25 winter wheat genotypes under conditions of artificial and natural spike infection at Botinec, Croatia, in 2007
and 2008.
Grain yield 1,000-kernel weight Test weight
Natural | Artificial | % reduc- | Natural | Artificial | % reduc- | Natural | Artificial | % reduc-
Year infection | infection tion infection | infection tion infection | infection tion
2007 5,325.3 4,049.3 24.0 37.7 322 14.6 73.6 63.3 14.0
2008 94535 6,680.2 293 42.8 35.6 16.9 71.6 63.1 119
Average 7,3894 5,364.8 26.7 40.2 339 15.7 72.6 63.2 13.0
tions also were found between infection severity and
1,000-kernel weight reduction (r=0.58 and r=042) | § 1000 Sk
and between infection severity and the reduction in 2 8000 66802
test weight (r = 0.70 and r = 0.68) in 2007 and 2008, D 6000 | 553 D Natural infection
. . . . S 4049,3 B Artificial infection
respectively. Fusarium head blight greatly influenced = 4000
yield reduction, 1,000-kernel weight, and test weight g 2000
in more susceptible wheat lines. Some wheat lines, on 0
the contrary, did not show any substantial yield reduc- 2007 2008
tion even under severe infection. In the years of test- Year
ing, high levels of resistance to FHB compared with Fig. 3. The effect of artificial spike infection with Fusarium
the source of resistance in conditions of artificial infec- | graminearum on average grain yeild in 25 winter wheat
tion were found in 11 winter wheat lines (Bc 8, Bc 9, genotypes at Botinec, Croatia in 2007 and 2008.

Bc 4,Bc 20,Bc 18, and B¢ 5 in 2007 and Be 12, Bec 1,
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250 42,79
£ 37,68
5 40 3247 35,57
E 30 O Natural infection
g 20 B Artificial infection
]
= 10
(=]
2 0 .
2007 2008

Year
Fig. 4. The effect of artificial spike infection with Fusarium
graminearum on average 1,000-kernel weight in 25 winter
wheat genotypes at Botinec, Croatia in 2007 and 2008.

80
75 | 736 71,6

70
65 | 633

63,1 O Natural infection
B Artificial infection

60 -
55
50

Test weight (kg)

2007 2008
Year

Fig. 5. The effect of artificial spike infection with Fusarium
graminearum on average test weight in 25 winter wheat
genotypes at Botinec, Croatia in 2007 and 2008.

Bc 9,Bc 17, and Be 18 in 2008) and five winter wheat cultivars ( Bc
Mira, B¢ Renata, Bc Lira, Dora, and Marina) ( Table 6).

Acknowledgement. The above data were obtained as a result of the
scientific project (Breeding wheat for yield, quality, and resistance
to Fusarium head blight, 106-1780691-2155) partialy supported by
the Croatian Ministry of Science, Education and Sports and repre-
sents a complementary part of program No. 1780691 (Research and
improvement of genetic traits of field crops).

Publications.

Iki¢ I, Maricevi¢ M, and Sarcevi¢ H. 2011. Genotypic differences
in expression of seed and embryo dormancy in wheat. In: Proc
46th Croatian & 6th Internat Symp on Agric, Opatija, Croatia,
14-18 February, 2011, Book of Abstracts, p. 73.

Table 6. A survey of winter wheat genotypes
in cultivar trials with the highest

level of resistance to Fusarium head blight
(FHB) compared with the source of resistance
under artificial infection conditions at Botinec,
Croatia, in 2007 and 2008 (+ = moderately

resistant; ++ = resistant).

Cultivar |  FHB VRI (%)
2007
Bc Renata 3.96 ++
Bc 8 5.96 ++
Bc 9 6.36 ++
Bc 4 691 ++
Bc 5 1499 +
Bc Mira 1501 +
Average 10.46
Source of resistance
Roazon 14.62 +
(D48x42x6)2 20.67
Poncheau 722 ++
Average 14.17
Total average 12.31
2008
Bc 12 10.77 ++
Bc Lira 11.28 ++
Be 1 16.03 +
Bc 9 21.64 +
Be 17 21.68 +
Bc 18 21.69 +
Average 17.18
Source of resistance
Roazon 22.34 +
(D48x42x6)2 13.78 ++
Poncheau 408 +
Average 134
Total Average 15.29

Juki¢ K, Burek Svetec N, Gunjaca J, Bukan M, Iki¢ I, Tomasovi¢ S, Mlinar R, Maric¢evi¢ M, and Sarcevi¢ H. 2011.
Nitrogen fertilizer effect on expression of grain dormancy in wheat. In: Proc 46th Croatian & 6th Internat Symp on
Agric, Opatija, Croatia, 14-18 February, 2011, Book of Proc, p. 399-403.

Mlinar R. 2007. Bc Mira-a new winter wheat variety. Sjemenarstvo 24(3-4):159-167 Zagreb (in Croatian with English

summary).

Mlinar R and Iki¢ I. 2009. Bc Renata-a new winter wheat variety. Sjemenarstvo 26(3-4):131-141, Zagreb (in Croatian

with English summary).

Sarcevié H. Iki¢ 1. Bari¢ M, Tomasovi¢ S, Mlinar R, and Gunjaca J. 2010. Expression of seed dormancy in croatian-
grown winter wheats at different germination temperatures. In: Proc 8th International Wheat Conference, St. Peters-

burg, Russia, 30-31 May, 2010.

Tomasovi¢ S, Iki¢ I, Mlinar R, Juki¢ K, Ivanusi¢ T, and Palaver§i¢ B. 2010. Comparison of wheat varieties resistance
to Fusarium head blight (FHB) under different environments. In: Proc Workshop for Variety Registration in Cereals
for Fusarium resistance, 23-24 March, 2010, Szeged, Hungary, Book of Abstracts, p. 17.
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Tomasovi¢ S. Palaversi¢ B. Iki¢ I. Mlinar R. Sar¢evié¢ H. Juki¢ K, and Ivanu§i¢ T. 2010. Latest results in breeding win-
ter wheat for resistance to Fusarium head blight in the Zagreb Bc Institute. In: Proc 11th European Fusarium Sem,
Fusarium, Mycotoxins, Taxonomy, Pathogenicity and Host Resistance, 20-23 September, 2010, Radzikow, Poland,
Book of Abstracts, p. 311.

ITEMS FROM ETHIOPIA

CIMMYT-ETHIOPIA AND THE ETHIOPIAN INSTITUTE FOR AGRICULTURAL
RESEARCH
Debre Zeit, Ethiopia

Bekele Abeyo (CIMMYT) and Firdissa Iticha, Kebede Tadesse, Ayele Badebo, and Asefa Yilma.

A number of international nurseries were planted at various sites in Ethiopia during the 2009-10 cropping season. Off-
season the nurseries were planted only at Debre Zeit because of the availability of irrigation. A total of 7,214 wheat lines
were evaluated for stem rust resistance, including 806 durum wheat lines from CIMMYT, 2,107 bread wheat lines, 3,295

durum wheat lines, 974 synthetics from
ICARDA, and 32 bread wheat lines from | Table 1. International nurseries tested at Debre Zeit, Ethiopia, during the

the Russian Federation. The nurseries off-season in 2009-10.

were planted on time, were well man- Number | =202%

aged, and infector rows well distributed. tested sten rust Comment
Because the temperature was warmer Durum wheat

than normal, the disease pressure was CD10 MCDZ 208 146 (70%) | Many resistant lines
higher. Only CIMMYT nursery data are | F6 SR 175 131 (75%) | Many resistant lines
presented in Table 1. Most of the lines CD10_BHADERDZZ 35 2 (6%)

ied g s sewonverenn, | Coioboroz |05 | s o

wheat. e otal lines tested,

(or 48%) were found to have 20% or less TOTAL 622 18 (9%)

infection rates. The data were submitted Bread wheat : :

to the respective codrdinating breeders at 4th SRRNSN BW 184 79 (43%) | Many resistant lines
CIMMY T-Mexico. TOTAL 806 376 (47%)

The main 2010 season was characterized by wide spread yellow rust epidemics on the major cultivars Kubsa
and Galama. These two cultivars have served for over 15 years and can not be blamed. Efforts were made to spray
fungicides to minimize damage. In addition, the new CIMMYT cultiars Picaflor and Danphe, with good resistance/toler-
ance to yellow rust, were released to replace the susceptible, older cultivars this year. Different nurseries were obtained
from in 2010, including 1,190 bread wheats, 1,297 durum wheats, and 202 triticales from CIMMYT; 4,185 bread wheats
and 318 durum wheats from ICARDA; 243 bread wheats from Egypt; and 2,100 durum wheats from the USDA. These
nurseries were planted at different sites. Kulumsa is an area for wheat where many lines can express their yield potential
by tolerating the high rust development. Holetta, a hot-spot for Septoria, is an ideal site for screening for Septoria resist-
ant lines. Many CIMMYT international nurseries were tested at Holetta for quarantine purposes and most of them were
found susceptible to the existing strain of Septoria. In the future, Septoria screening only will be evaluated at Holetta.
Melkasa is the quarantine site for the semi-arid environments of the country. Last year, plentful rainfall during the grow-
ing season lead to a high incidence of stem and yellow rust at Melkasa. Debre Zeit is the screening site for durum wheat
to the three rusts. Only data on CIMMYT materials are reported here. About 77% of the total bread wheat nurseries
tested at Kulumsa, Melkasa, and Debre Zeit were found to have 20% or less infection rates of either stem rust or yellow
rust. This is good news for the national program, where yellow rust epidemics have wiped out the popular cultivars from
production. Durum wheat and triticale nurseries were planted at Debre Zeit and Holetta. The disease pressure at Debre
Zeit was relatively high. As a result, only 341 durum wheat lines (26%) of the total 1,297 lines evaluated were found to
have lower than or equal to 20% severity or infection rate for the two rusts. Triticale was found to better tolerate Septo-
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ria at Holetta. The lower number of materials maintained at Holetta is mainly due to Septoria. Most leaves were killed
by the time the plants flowered causing shriveled grain with poor germination.

ITEMS FROM GERMANY

LEIBNIZ-INSTITUT FUR PFLANZENGENETIK UND
KULTURPFLANZENFORSCHUNG — IPK
CorrenstraBle 3, 06466 Gatersleben, Germany.

A. Borner, E.V.Antonova, J.K. Haile, E.K. Khlestkina, B. Kobiljski, S. Kollers, U. Lohwasser, M. Nagel, K. Neumann,
M.A. Rehman Arif, N. Tikhenko, K. Zaynali Nezhad, and M.S. Roder.

Association mapping in hexaploid wheat — The project GABI-Wheat.

GABI-Wheat is designed as an association mapping study in hexaploid wheat. The aim of the project is the
identification of associations of molecular marker data with traits that are important for breeding new cultivars.
Populations employed in association studies consist of (mostly) unrelated individuals from a broad population. In this
project, the population comprises 358 elite, Western-European hexaploid winter wheat cultivars and 14 spring wheat
cultivars. The wheats were cultivated on one location in 2009 and three locations in 2010 in France, and on two loca-
tions in 2009 and 2010 in Germany, utilizing an alpha-design. Field trials and phenotyping for yield, yield components,
and baking quality traits were performed by industrial project partners. Genotyping was performed for a total of 800 mi-
crosatellite markers. Inoculation trials for Fusarium culmorum/Fusarium graminearum, Septoria tritici, and Drechslera
tritici-repentis were performed by the Julius-Kiihn-Institut (B. Rodemann) in 2009 and 2010 for each disease at two
locations in Germany.

After correction for rare alleles (less than 3% frequency in the population), data from 781 loci, corresponding
to 732 microsatellite marker and from 17 candidate genes chosen from the literature, are available for the 372 cultivars.
From those microsatellites, 650 are mapped in the ITMI mapping population with an average distance of 7.6 cM. No
apparent population structure was detected employing the STRUCTURE program and principal component analysis.
Hence, a marker-based kinship matrix was used to reduce the number of false positive associations caused by spuri-
ous relationships between the cultivars. Linkage disequilibrium analysis showed small values for R* between unlinked
markers as well as physically linked markers. The correlation between R? and physical marker distance also is weak.
Mixed linear models are employed for the analysis of marker—trait associations. The Genstat and Tassel programs are
currently used to evaluate the data. Preliminary results revealed significant associations for the first traits investigated so
far.

Sustainable grain yield loci in bread wheat detected via an association mapping approach.

A core collection of 96 winter wheat genotypes from 21 different countries and five continents was considered for a
genome-wide association mapping analysis. These genotypes were selected from a larger collection created at the
Institute of Field and Vegetable Crops, Novi Sad, Serbia. The collection was phenotyped for grain yield in field plots
in Novi Sad during six growing seasons between 1994 and 1999. Genotyping using DArT markers was performed by
Triticarte Pty. Ltd. (Canberra, Australia). The calculation of testing for an association between markers and traits was
done with the software programs TASSEL 2.01. and TASSEL 2.1 exploiting the general linear model and mixed linear
model, respectively.

Only stable marker—trait associations (MTAs) significant in both models in three out of five years were con-
sidered. In total, 10 MTAs were identified on chromosomes 1AL, 3AL (two), 3BL, 4AL, 4BL, 5BL, 6BS, 7AS, and
7BL. Interestingly, there was coincidence with MTAs described in a study performed by CIMMYT using different sets
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of germ plasm. Identical MTAs were detected on chromosomes 1AL, 3AL, and 7BL. In addition, we found grain yield
MTAs in highly comparable regions on chromosomes 3BL and 7AS.

Mapping of QTL for resistance to stem rust (Ug99) in durum wheat.

Ninety-seven recombinant inbred lines (RILs) that were developed from the cross ‘Kristall / Sebatel’, both durum wheat
cultivars, has been characterized for stem rust response in Ethiopia. Seven consecutive field trials at two locations were
carried out in main- and off-season under natural and artificial inoculation with stem rust race Ug99 and a mixture of
highly virulent races of Ethiopia. Based on the means of the seven environments, the phenotypic distribution showed
that resistance to Ug99 in this population is controlled by major gene/QTL, accounting for most of the phenotypic
variation. The parents were screened for polymorphism with 502 SSR markers. We have found 258 polymorphic

and, accordingly, we used these markers to genotype the whole population. Using composite interval mapping, eight
consistent and major QTL for stem rust (Ug99) were identified on chromosomes 1AS,2AL, 2BS, 3AS, 4BS, 6AL, 7AS,
and 7AL. An additional, minor consistent QTL also was identified on the long arm of chromosome 5B. From these QTL
regions, 1AS, 2AL, 3AS, 4BS, and 7AS are not harboring any of the characterized stem rust resistance genes of durum
wheat. These results suggest that durum wheat resistance to the Ethiopian races of stem rust (Ug99) is likely oligogenic
and that there is potential to identify previously uncharacterized resistance genes of minor effect. If successfully
validated, the markers associated with these QTL will be useful for breeding new durum wheat cultivars that are resistant
to Ug99 and related races.

The relationship among seed characters based on QTL analysis in bread wheat.

QTL mapping was applied on a new mapping population (HTRI 11712/HTRI 105), which was developed at IPK,
Gatersleben, and contained 133 F, , families (see Annual Wheat Newsletter Vol. 55:56). Mapping analysis revealed four
QTL for 1,000-kernel weight on chromosomes 7A, 4B (two QTLs), and 1B of which three were detected repeatedly in
two experiments. The explained phenotypic variation (R?) by a single QTL ranged from 8.7 to 26.5% and both parents
contributed increasing alleles. For seed length, 13 QTL were detected of which three were identified repeatedly in at
least two experiments. The R? for a single QTL ranged from 8.3 to 26.9%, and the increasing alleles originated from
both parents. QTL analysis for seed width showed five QTL of which two were identified repeatedly in at least two
experiments. The R? of a single QTL ranged from 7.9 to 15.7%.

Thousand-kernel weight showed a higher correlation with seed width compared to seed length. With regard
to the co-localization of the QTL for seed-related traits, and considering only the repeated QTL in the present study,
there was only one QTL on chromosome 4BL. common among all the traits. However, seed width showed another QTL
on chromosomes 4BS in common with 1,000-kernel weight. This is in agreement with the coefficient of correlation
observed in the present study between these traits, which show higher correlation of 1,000-kernel weight with seed
width compared to seed length. This might suggest that 1,000-kernel weight is determined more by seed width than seed
length. Therefore, in order to increase 1,000-kernel weight, seed width should be enhanced, in accordance with practical
wheat breeding.

Studies on seed longevity in bread wheat.

An association mapping approach was utilized to visualize the genomic regions responsible for the maintenance of vi-
ability of bread wheat seeds. Seeds of 96 accessions selected from a large panel based on contrasting agronomic and
phenotypic traits were available from the regeneration cycle of 2009. The genetic map for these lines consisted of 525
mapped and 315 unmapped DArT (Diversity Arrays Technology) markers.

The lines showed high initial germinations after standard germination tests, which ranged from 68% to 98.5%
with the mean germination of 93.72+5.05%. Accelerated ageing tests were performed to assess the seed longevity. Ger-
mination percentages after artificial ageing (AA) and controlled deterioration tests (CD) ranged from 0% to 60.5% and
5.5% to 95% with the mean of 10.97+12.80% and 61.05+25.33%, respectively. In total, association mapping revealed
73 significant marker trait associations (MTAs) for seed longevity, 38 of which were with mapped markers, 20 with
unmapped markers with known chromosomal location only, and 25 with completely unknown location. The MTAs were
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located on 14 out of 20 marked chromosomes. When the two methods were compared, AA gave 40 and CD gave 33
significant MTAs. Based on bin information, 15 markers with significant MTAs were genetically characterized.

The bins carrying these markers contain many genes important in various aspects of seed vigor and viability
such as encoders of seed maturation protein, cold- and heat-shock proteins, plasma membrane proteins, biostress-related
proteins, senescence-related proteins, and membrane proteins along with various enzymes associate with seed longevity.
When compared with the similar studies performed in barley, we found that the chromosomal segments of 7B MTAs in
wheat matches with the location of a 7H QTL for longevity in barley giving the indication of shared mechanisms of seed
viability in both cereals.

Variability of Rc (red coleoptile) alleles in wheat and wheat—alien genetic stock collections.

Anthocyanin accumulation in vegetative organs has a relationship to stress resistance in plants. In wheat, the ability to
accumulate anthocyanins in the coleoptile is inherited and controlled by the Rc (red coleoptile) genes. Our goal was to
find potential sources of ‘strong’ Rc alleles conferring very high levels of anthocyanin production and to study the effect
of genetic background on Rc expression. We measured the relative anthocyanin content (OD530) in the coleoptile of
different wheat and wheat—alien genetic stocks and accessions to find potential sources of strong Rc alleles conferring
very high levels of anthocyanin production. The OD530 values varied from 0.514 to 3.311 in genotypes having red co-
leoptiles. The highest anthocyanin content was detected in coleoptiles of four T. turgidum subsp. dicoccoides accessions
originating from Israel and the Russian 7. aestivum cultivar Novosibirskaya 67, suggesting that their Rc alleles can be
used to increase anthocyanin content in the coleoptile of wheat cultivars. Rye Rc alleles, such as that of Russian cultivar
Selenga, can possibly be used to increase anthocyanin content in triticale seedlings.

Embryo lethality in wheat x rye hybrids: mode of inheritance and identification of a complementary
gene in wheat.

Crosses between hexaploid wheat and rye can only succeed when pre- and post-zygotic barriers are overcome. A rye
gene determining embryo lethality (Emi-R1), which is involved in post-zygotic isolation, has been mapped to chromo-
some 6R. The mode of inheritance of Eml-RI was studied using a wheat-rye chromosome 6R addition line. Eml-R1 ex-
ists in at least two alternative forms, with the mutant allele Em/-R1b dominant with respect to wild-type allele Eml-Rla.
The attempt to test whether the Dobzhansky-Miiller model can explain the embryo lethality seen in wheat-rye hybrids
was performed by examining hybrid caryopses formed by a cross between the set of nullisomic-tetrasomic (NT) lines of
Chinese Spring and rye lines carrying Eml-R1b, since differentiated embryos should only be formed in hybrids lacking
the wheat chromosome carrying a complementary wheat gene. In parallel the NTs were crossed with rye inbred lines
carrying Eml-R1a to prove the capacity of each of the lines to produce differentiated viable hybrid seeds. The crosses
of NT lines with rye lines carrying Eml-R1b detect a complementary wheat gene present on chromosome 6A. This gene
has been designated Emil-Al. Crosses of NT lines with rye lines carrying wild-type allele Eml-R1a revealed that wheat
chromosomes 1B, 1D, and 6B carry genes indispensable for normal development of wheat-rye caryopses.
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The wheat season. A rainy spring and summer characterized the 2009—10 wheat season. Precipitation exceeded 1,000
mm compared to the average of 550 mm. Due to the wet conditions, heavy Septoria, Helminthosporium, head blight,
and leaf rust epidemics occurred. The national wheat average reached only 3.72 t/ha, slightly lower than the 3.85 t/ha
harvested in the dry year 2009. Quality of wheat harvested was average.

Breeding.
Z.Bedo, L. Lang, O. Veisz, G. Vida, M. Rakszegi, I. Karsai, K. Mészdros, S. Bencze, and G. Gulyés.
Breeding. Four Martonvdsdr winter wheat cultivars were registered in Hungary in 2010.

Myv Tallér (Mv 10-07) is an early maturing cultivar with outstanding yield potential and medium breadmaking
quality, selected from the cross ‘Andy-2/F15//Gore/3/Mambo’. The cultivar has very good winter hardiness, good lod-
ging resistance. Mv Tallér is a medium quality milling wheat with a wet gluten content of 30-32%, Farinograph quality
B1, and Alveograph W value of 180-190. Mv Tallér has good field resistance to powdery mildew and leaf rust, and
moderate resistant to stem rust.

Mv Apréd (Mv 17-07) is a medium, early maturing semi dwarf hard red winter wheat. The advantage of Mv
Aprod compared to the previous cultivars is the combination of the semidwarf plant height with the high gluten (protein)
content and high yield. The average wet gluten content of Mv Aprdd is 34-37% and the gluten quality is medium (B1
Farinograph quality and 160 Alveograph W). With reliable winter hardiness, Mv Aprdd is resistant to powdery mildew
and leaf rust, and moderately resistant to stem rust.

My Kikelet (Mv 07-07) is a facultative wheat with medium winter hardiness. Mv Kikelet was tested together
with real winter types and outyielded the standards. In spring sowings, the yield potential is competitive with spring cul-
tivars. The quality of Mv Kikelet is good in autumn sowings and has higher gluten content and even better gluten quality
in spring sowings. Mv Kikelet is moderately resistant to the major leaf diseases.

Myv Melodia (Mv09-07) is a hard red winter wheat with good breadmaking quality. Mv Melodia was selected
from the cross ‘Lone/OD162//Ukrainka’. Wet gluten content is typically between 30-34% and the Farinograph quality is
A2-B1. Mv Melodia has good field resistance against leaf diseases and moderate susceptibility to head blight.

Breeding for quality traits.

Breeding of wheat with high arabinoxylan and protein content. Analyses carried out in the framework of the
HEALTHGRAIN FP6 EU project headed by Peter Shewry demonstrated that the Yumai-34, an exotic Chinese wheat cul-
tivar, contains large quantities of water-extractable arabinoxylan (WE-AX). A crossing program was aimed at breeding
wheat genotypes with good agronomic adaptation and high dietary fiber content. The protein content also was analyzed
in this population in order to select for genotypes with several advantageous traits. Lines with WE-AX contents similar
to that of Yumai-34 and improved protein content were identified in the F, generation. These will be further analysed in
the next generation.

Selection of durum wheat with high tocol content. Tocol content was determined in 36 durum wheat cultivars and
breeding lines and was found to vary widely. Extreme values were 29.1 and 52.7 g/g in the first year and 28.5 and 56.9
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g/g in the second. The fact that the maximum values were almost double the minimum values justified the initiation of a
breeding program aimed at improving the tocol content. Total tocol contents in excess of 50 g/g were recorded for seven
of the 36 durum cultivars and lines investigated. Three of these were chosen as crossing partners on the basis of their
agronomic and chemical quality traits. One line, MvTD37-08, is now in its second year of state variety trials, whereas
the other two lines are still being tested in field and laboratory trials. The compound with the most beneficial physi-
ological effect, tocopherol, made up 11.3-22.8% of the total tocol content, with values of over 8 g/g in the best lines. In
Myv Makaréni, 22.77% of the over 50 g/g total tocol content consisted of tocopherol (11.69 g/g). The second highest
tocopherol content (9.33 g/g) was observed for the advanced line MvTDO07-09. The results achieved in the second year
confirmed observations made in the first year; the same two genotypes had extraordinarily high tocopherol content com-
pared to the other lines.

Disease resistance studies.

The weather in Hungary in 2010 was favorable for the pathogens responsible for Fusarium head blight. In order to deter-
mine the species composition, damaged spikes were collected from several regions of the country and pure cultures were
developed from a total of 114 infected grains. Morphological species determination was carried out in Tulln (Austria).
The results showed that Fusarium graminearum was the dominant pathogen (present on 110 of the 114 samples), two
isolates were identified as F. sambucinum, and one each as F. culmorum and F. verticillioides.

The QTL mapping of the ‘Bankuiti 1201-9086/Mv Magvas’ population developed to analyze the FHB resistance
of old Hungarian wheat cultivars was continued by testing the parental liness with a total of 140 microsatellite markers.
Eighty of the primers examined gave products, 55 of which were polymorphic. The entire population was tested with 33
SSR markers and with 24 different AFLP combinations. Data analysis resulted in the identification of 286 polymorphic
markers suitable for mapping. The 319 polymorphic markers now available are sufficient to initiate the analysis of link-
age groups.

An artificial inoculation and evaluation method was elaborated under greenhouse conditions to investigate re-
sistance to Mycosphaerella graminicola, the fungal species responsible for the Septoria leaf spot disease. Mv Kolo, Mv
Regiment, and three breeding lines proved to have outstanding resistance.

Genotypes with designated leaf rust resistance genes were tested for infection in an artificially inoculated nurs-
ery. Genes Lr9, Lr19, Lr24, Lr25, Lr28, Lr29, and Lr35 provided effective protection against leaf rust in Martonvdsar in
2010.

Studies on the composition of the wheat powdery mildew population showed that race 76 was present in the
highest ratio (42.6%) in 2010, followed by race 77 (29.6%). Race 51, which infected all the cutlivars used for differ-
entiation, appeared with lower frequency than in previous years (16.0%). The virulence complexity of the pathogen
population was 5.79, which represented a decline compared with previous years, mainly due to the reduced frequency of
race 51.

In the framework of international and Hungarian projects (Bioexploit-EU FP6 and DTR_2007), resistance genes Lr9,
Lr24,Lr25,Lr29, Lr35, Lr37, Pm21, and Stb2 were introduced into wheat cultivars adapted to Hungarian conditions.
By the joint incorporation of several resistance genes (pyramiding), winter wheat genotypes carrying new Lr gene
combinations were developed.

Abiotic stress resistance studies.

To investigate the genetic regulation of heat tolerance, the responses of lines from a two-parental, doubled-haploid
population to heat stress during the early stages of embryo development were analyzed on the basis of yield components
and phenological parameters. Averaged over the population, high temperature was found to cause the greatest reduction
in the grain number, which ranged from 3—-75% compared with the control. In order to compile a molecular marker map
of the population, the application of two molecular marker systems was begun: 16 AFLP reactions were carried out using
AFLP primers exhibiting great polymorphism, and mapping was performed using 29 SSR markers with known chromo-
some localization.
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The genetic diversity of active wheat breeding programs in southeastern Europe was analyzed using AFLP and
SSR markers on a collection of 114 winter wheat cultivars . Considerable differences were found between cultivars origi-
nating from different countries, with the greatest similarity between those from Hungary and Romania and Serbia and
Macedonia. When the phenotypic traits of the same cultivars were investigated, the powdery mildew and leaf rust resist-
ance was found to be closely correlated with genetic diversity, whereas heading date, plant height, and a number of yield
components were completely independent of genetic diversity. The parallel determination of genotypic and phenotypic
diversity made it possible to distinguish groups of wheat cultivars with a similar genotype but a different phenotype, and
with a different genotype but a similar phenotype. This information can be put to direct use in breeding during the selec-
tion of crossing partners.

Fourteen wheat genotypes (Ukrainka, two lines of Mv Hombdr, M3, Glenlea, Mv Verbunkos, Mv Toborzo,
Mv 4, Mv Mez6f6ld, Mv Magvas, the 9086 line of Bankiiti 1201, Plainsman, Mv Magma, and Tommi) and two durum
genotypes (PWD1216 and MvTD10-98) were tested using 84 SSR markers. These genotypes are the parental pairs of
mapping populations. After evaluating the polymorphism identified, work will begin on the detailed testing of the vari-
ous populations.

Experiments proved that, among the yield components of wheat, grain mass decreased to the greatest extent in
response to water withholding at first node appearance. The yield-increasing effect of enhanced atmospheric CO, con-
centration was greatest when applied at first node appearance. The grain mass and grain number only decreased as the
result of drought during the ripening period at the higher carbon dioxide level, but the values recorded were still higher
than at normal concentration.

When examining the joint effect of drought and enhanced atmospheric CO, concentration, a relative increase in
the protein content of wheat grains was found when water deficit occurred at first node appearance, and this increase was
greater at normal atmospheric CO, concentration. Drought during heading caused a similar increase in grain protein con-
tent at both carbon dioxide levels. Higher atmospheric CO, concentration caused a reduction in the grain protein content.
This reduction was greatest when the treatment was applied at heading. An increase in the duration of drought stress had
the most significant effect on the protein content when the stress occurred at first node appearance.

Photosynthesis was stimulated by higher atmospheric CO, concentration, so that in response to water with-
holding, the decrease in the carbon fixation of the wheat plants proceeded at a slower rate and only reached a significant
level at lower values of soil moisture. The assimilation of the plants also remained at a more intensive level when an
enhanced atmospheric CO, concentration was applied during heading or ripening, which could be attributed to the slower
plant development at a higher atmospheric CO, concentration. The photosynthetic activity declined to a lesser extent
during ripening than in the earlier developmental phases.

Considerable genotypic differences were found in the responses of the wheat varieties to water withholding and
enhanced atmospheric CO, concentration. Mv Mambé proved to be a drought-tolerant cultivar, with smaller changes in
yield parameters in response to stress, whereas the yield and physiological parameters of Mv Regiment decreased sub-
stantially when subjected to drought. However, Mv Regiment made better use of surplus CO,, so it produced outstand-
ing yields in a CO,-enhanced environment.
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Development of a wheat genotype combining the recessive crossability alleles krlkrlkr2kr2 and the TIBL-1RS
translocation for the rapid enrichment of 1RS with new allelic variation. The main objective of this work was to
develop a wheat genotype containing both the recessive crossability alleles (krlkrlkr2kr2), allowing high crossability
between 6x wheat and diploid rye, and the TIBL-1RS wheat-rye translocation chromosome. This wheat genotype could
be used as a recipient partner in wheat—rye crosses for the effcient introduction of new allelic variation into 1RS in trans-
location wheats. After crossing the wheat cultivars Mv Magdaléna and Mv Béres, which have the TIBL-1RS transloca-
tion involving chromosome arm 1RS from Petkus rye, with the line Mv9 kr/, 117 F, plants were analyzed for cross-
ability, 10 of which had higher than 50% seed set with rye and, thus, presumably carried the krlkrlkr2kr2 alleles. Four
of the 10 plants contained the T1BL-1RS translocation in the disomic condition as detected by GISH. The wheat-rye F,
hybrids produced between these lines and the rye cultivar Kriszta were analyzed in meiosis using GISH. TI1BL-1RS/1R
chromosome pairing was detected in 62.4% of the pollen mother cells . The use of FISH with the repetitive DNA probes
pSc119.2, Afa family, and pTa71, allowed the 1R and T1BL-1RS chromosomes to be identified. The presence of the
IRS arm from Kriszta, besides that of Petkus, was demonstrated in the F, hybrids using the rye SSR markers RMS13
and SCM9. In four of the 22 BC, progenies analyzed, only Kriszta-specific bands were observed with these markers,
although the presence of the TIBL-1RS translocation was detected using GISH. We concluded that recombination oc-
curred between the Petkus and Kriszta IRS chromosome arms in the translocated chromosome in these plants.

GISH reveals different levels of meiotic pairing with wheat for individual Ae. biuncialis chromosomes. The
T. aestivum—Ae. biuncialis (2n=4x=28; U U"MPM?") disomic addition lines 2M®, 3M®, 7MP, and 3U® were crossed with
the wheat cultivar Chinese Spring phlb mutant genotype in order to induce homoeologous pairing, with the final goal
of introgressing Ae. biuncialis chromatin into cultivated wheat. Wheat—Aegilops homoeologous chromosome pairing
was studied in metaphase I of meiosis in the F, hybrid lines. Using U and M genomic probes, GISH demonstrated the
occurrence of wheat-Aegilops homoeologous pairing for chromosomes 2MP, 3MP, and 3U°, but not for 7M". The wheat-
Aegilops pairing frequency decreased in the following order: 2MP > 3MP > 3U" > 7MP®, which may reflect differences in
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the wheat-Aegilops homoeologous relationships between the examined Aegilops chromosomes. The selection of wheat—
Aegilops homoeologous recombinations could be successful in later generations.

Molecular cytogenetic evaluation of chromosome instability in 7. aestivum-S. cereale disomic addition lines. The
genetic stability of wheat-rye (Chinese Spring—Imperial) disomic addition lines was checked using the Feulgen method
and FISH. Feulgen staining detected varying proportions of disomic, monosomic, and telosomic plants among the prog-
enies of the disomic addition lines. The greatest stability was observed for the 7R addition line, whereas the most un-
stable lines were those with 2R and 4R additions. Chromosome rearrangements also were detected using FISH. Based
on the specific hybridization patterns of repetitive DNA probes pSc119.2 and (AAC)S, as well as ribosomal DNA probes
(58S and 455S), isochromosomes were identified in the progenies of 1R and 4R addition lines. These results draw atten-
tion to the importance of continuous cytological checks on basic genetic materials by using FISH, because this method
reveals chromosome rearrangements that could not be detected either with the conventional Feulgen staining technique
or with molecular markers.

Selection of U and M genome-specific wheat SSR markers using wheat—Ae. biuncialis and wheat-Ae. geniculata
addition lines. Wheat SSR markers specific to the U and M genomes of Aegilops species were selected. A total of 108
wheat SSR markers were successfully tested on Ae. biuncialis (2n = 4x = 28, U'UMPMP), on five wheat-Ae. biuncialis
addition lines (2MP, 3MP, 7MP®, 3U", and 5U") and on a wheat-Ae. geniculata (1U#, 2U¢, 3U¢, 4U¢, 5U¢, 7U¢, 1Mg, 2Me,
4Me, SMe, 6Mg, and 7M#) addition series. Among the markers, 86 (79.6%) were amplified in the Ae. biuncialis genome.
Compared with wheat, polymorphic bands of various lengths were detected in Ae. biuncialis for 35 (32.4%) of the wheat
microsatellite markers. Three of these (8.6%) exhibited specific PCR products in wheat—Ae. biuncialis or wheat—Ae.
geniculata addition lines. The primers GWM44 and GDM61 gave specific PCR products in the 2M® and 3M" wheat—Ae.
biuncialis addition lines, but not on the 2M¢ addition line of Ae. geniculata. A specific band was observed on the 7U¢
wheat-Ae. geniculata addition line using the BARC184 primer. T hese three markers specific to the U and M genomes
are helpful for the identification of 2M®, 3MP, and 7U# chromosome introgressions into wheat.
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Application of Real-Time PCR in marker-assisted selection for stem rust resistance gene Sr24.
B K. Das, A. Saini (Molecular Biology Division), S.G. Bhagwat, and N. Jawali (Molecular Biology Division).

Introduction. Real-Time PCR (RT-PCR) is a technique mainly used to amplify and simultaneously quantify a targeted
DNA molecule (Gibson et al. 1996). Currently, four different chemistries, TagMan® (Applied Biosystems, Foster City,
CA, USA); Molecular Beacons (Newark, New Jersey, USA); Scorpions® (Sigma-Aldrich, St. Louis, MO, USA); and
SYBR® Green (Life Technologies, Carlsbad, CA, USA), are available for RT-PCR. All of these chemistries allow
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detection of PCR products via the generation of a fluorescent signal. Among the SYBR Green is a fluorogenic dye that
exhibits little fluorescence when in solution, but emits a strong fluorescent signal upon binding to double-stranded DNA
(Arya et al. 2005).

Real-time PCR can be applied to traditional PCR applications as well as new applications that would have been
less effective with traditional PCR. With the ability to collect data in the exponential growth phase, the power of PCR
has been expanded into applications such as viral quantitation, quantitation of gene expression, array verification, drug
therapy efficacy, DNA damage measurement, quality control and assay validation, pathogen detection, and genotyping.
Recently, this technique has been used to develop molecular markers and to evaluate critical aspects for olive oil authen-
tication (Giménez et al. 2010).

This study used RT-PCR as a tool in the marker-assisted selection (MAS) in crop plants in general, and wheat
in particular. Screening for stem rust resistance gene Sr24 by RT-PCR was carried out using primers specific to a SCAR
marker.

Materials and methods. Table 1. Screening of genotypes for presence of stem rust resistance gene Sr24 using
Plant material. The RT-PCR. Cultviars with an * are the F, of the cross ‘Kalyan Sona/Vaishali’ (phenotyping
wheat genotypes and seg- | of the individuals by rust inoculations were by Das et al. (2006). Sr24 gene status: RR
regating lines used in this = homozygous, Rr = heterozygous). Melting curve samples were scored positive if the
study are listed in Table 1. | melting temperature was 83.9°C. +/— assay samples were scored as positive if the peak
) was above the threshold line.
DNA extraction and Scoring for band based on:
quantification. DNA was Ethidium bromide
extracted from the leaves -
of 1 month old wheat . Sr24 gene | staining followed -
seedlings according o Cultivar status by PCR Melting curve | +/— assay
Nalini et al. (2004). The Unnath Kalyan Sona + + + +
DNA was quantified by KS-1 + + + +
using fluorimeter (Hoefer | KS-3 + + + +
DyNA Quant 200). Unnath Sonalika + + + +
FLW-2 + + + +
Polymerase chain reac- Kalyan Sona - - - -
tion. PCR screening used | pPRW343 — — — —
a Realplex4 (Eppondorf, MACS 2496 _ _ _ _
Germany). A SCAR B-6 (154A) + + + "
marker (SCS1302609) for Vaishali N N N +
the Sr24/Lr24 gene (Gupta —
et al. 2006) using specific Vidisha + + + ha
primers (5’ CGCAGGT- | Agra Local - - - -
TCCAAATACTTTTC 3> | 163B* + (RR) + + +
and 5 CGCAGGTTC- 163C* + (Rr) + + +
TACTAATGCAA) were 164A%* + (RR) + + +
used in a total volume of 164B* + (Rr) + + +

25 pl reaction mixture

containing 1X PCR buffer

(10 mM Tris-HCI (pH-9.0), 1.5 mM MgCl,, 50 mM KCI, and 0.01% gelatin), 100 uM of each dNTP (Sigma, St. Louis,
MO, USA), 0.75 U Taq DNA Polymerase (Bangalore Genei Pvt. Ltd, Bangalore, India), 4.0 picomoles of each primer,
0.4X SYBR green dye (Sigma, St. Louis, MO, USA), and 100 ng of genomic DNA. Amplifications were performed us-
ing the following thermal cycling profile: 1 cycle of 94°C for 2 min, 35 cycles of 94°C for 1 min, 60°C for 1 min, 72°C
for 1 min, and a final extension of 72°C for 7 min.

Analysis of results. The presence or absence of a band in MAS were analyzed in three ways, using a quantification
curve, by a melting analysis, and using a +/— assay of the RT—PCR technique. To compare RT-PCR results, PCR
products were resolved on 2% agarose gels, stained with ethidium bromide solution (0.5%), and visualized under a UV
transilluminator where the presence or absence of bands were scored.
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Results and discussion. The protocol parameters were optimized. We observed that samples with DNA concentration
of 100 ng and a primer concentration of 4.0 picomoles (each) gave well resolved peaks. Thermal cycling conditions
were similar to that used in the Master Cycle Gradient 5300.

Analysis using a quantification
curve. Progress of DNA amplifi-
cation during PCR could be mon-
itored in real time by measuring
the intensity of fluorescent dyes
during amplification using quan-
tification curve. A quantification
curve is the curve obtained by
plotting the increase in fluores-
cence (Y axis) as the amplifica-
tion of the target DNA is started
(X axis). Carriers increase in
fluorescence as the amplification
of target DNA started, and non-
carriers of Sr24 gene showed no
increase in fluorescence because
it lacks the target DNA (Fig. 1).
However, using a quantification
curve for the analysis needs to be
further standardized.

Analysis using a melting curve.
Melting curves were performed
at the end of SYBR green
quantitative RT-PCR to check
for primer-dimer or nonspecific
product formation. Using plots
of dI/dT against temperature after
amplification, the results were
analyzed using peaks indicating
the Tm (melting temperature) of
the amplified products. From the
melting curve analysis, we could
differentiate between individuals
carrying Sr24 gene and noncar-
riers (Table 1, p.21). We also
could distinguish homozygous
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Fig. 1. Analysis of results baseyd on a quantification curve. Carriers of the Sr24
gene, such as 163B and 163C, show sharp peaks above the threshold level of 200
fluorescence units, whereas the noncarrier Kalyan Sona does not show any peak.
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Fig. 2. Analysis of results based on a melting curve. The melting temperature
was approximately 83.9°C. A —relative fluorescence units was 120% for carriers
of the Sr24 gene with homozygous allele 163B*; B — 163C* with heterozygous
allele for Sr24, the relative fluorescence unit was 70%, approximately half that
of homozygous 163B; and C — Kalyan Sona with no peak. * F, ‘Kalyan Sona
(susceptible parent, rr) / Vaishali (Sr24).

Sr24 (RR) individuals from heterozygous individuals (Rr) (F, of ‘Kalyan sona / Vaishali) and also the susceptible parent
(rr). The peak height of a heterozygous plant was approximately half that of a homozygous plant (Fig. 2).

Analysis by +/- assay. In RT-PCR, the +/— assay can be used to score the presence or absence of a marker/gene based
on the quantification curve, where an increase in the fluorescence unit above a threshold level will be considered posi-
tive and below the threshold level will be considered negative. The threshold level also can be manually adjusted and

examined for positives and negatives of the Sr24 gene (Table 1, p. 21).

Conclusions. In MAS, a large number of populations have to be screened using conventional PCR techniques, and re-
quires post-PCR processing, such as resolving in agarose gels, which is time consuming and sometimes may lead to false
results due to cross contamination. To overcome these delays and errors, and also to screen a large number of popula-
tions, the RT-PCR technique has been used to screen a large number of samples for the presence or absence of a gene of
using specific primers. Application of RT-PCR in MAS has not been reported in literature, but the use of this technique
for the development of molecular markers has been reported in olive plants by Giménez et al. (2010). We used a specific
primer for a SCAR marker reported for stem rust resistance gene Sr24 (Gupta et al. 2006). The results of phenotypic
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and genotypic data of conventional PCR and RT-PCR (melting curve) were compared, and they were found to match
exactly, indicating the advantage of using RT-PCR in MAS. This method could avoid post-PCR processing with agarose
gel electrophoresis and, thereby, save time. However, the use of a quantification curve for the analysis needs further
standardization.
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for their constant encouragement and support. A part of the work was carried out by Ms. Kiruba Shankari (Project
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Threshability in recombinant inbred lines of wheat.
S.G. Bhagwat.

Recombinant inbred lines of bread wheat arising from two cultivars. Kalyan Sona and Sonalika. were raised in the field
at Trombay in 2010-11 season. The lines were sown at two sowing dates corresponding to normal and late sowing. At
harvest, one spike each from each RIL was collected at random. Spikelet number and rachis length were recorded. The
spikes were threshed by hand and a rating was given, beginning with 1.0 for the softest threshing up to 5.0 for very hard
threshing.

. . . . Table 2. Scores for threshability in field grown
Results and discussion. As in earlier years, Kalyan Sona recombinant inbred lines between Kalyan Sona (soft
was sqfter threshl.n.g than. Sonalika. The RILs showed differ- threshing) and Sonalika (hard threshing). Spikes were
ences in threshability. Lines softer and harder than the par- rated from 1.0 for the softest threshing up to 5.0 for
ents were observed. The distribution for threshability of the very hard threshing.
late sown lines is shown in Table 2. Correlation coefficients et Rating i
were calculated between some of the traits using Microsoft
Excel (Table 3). Very soft 1.0 17
Intermediate 1.5 00

A significant correlation was found between the Kalyan Sona type 20 45
threshability ratings for 2009-10 and 2010-11. Although Intermediate 2.5 06
the ratings are based on single spikes and are recorded us- Sonalika type 30 25
ing a subjective assessment, the correlation showed that Intermediate 35 21
the procedure gave repeatable results. Lower ratings were Hard threshing 40 15
less consistent and the reliability was better for lines with Intermediate 45 02
higher ratings. When the ratings were for soft (1.0 to 2.5), Very hard threshing 50 07

intermediate (3.0 and 3.5), and hard

(4.0 0 5.0), the frequencies were 52, Table 3. Correlation coefficients between selected traits for “Kalyan Sona/
62, and 24 (2009-10) .and 68, .46’, and Sonalike’ recombinant inbred lines (RIL). ** indicates significance at the
24 (2010-11), respectively. Signifi- 1% level.

cant correlations for rachis length and Number of | Correlation
spikelets/cm of rachis indicated that the Trait RILs coefficient
RILs were stabilized for these traits. — -

These RILs could be used to identify Threshability rating; 2009-10 and 201011 138 r=0.56%*
loci governing threshability and spike Rachis length; 2009-10 and 201011 130 r=0.54%*
morphology. Spikelets/cm of rachis; 2009-10 and 201011 | 137 r=0.58*%*
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During the domestication of bread wheat, selection for the free threshing habit enhanced its suitability for
cultivation. Two mutations, g to Q on chromosome 5A and Tg to tg on chromosome 2D, mainly are responsible for the
free threshing habit of bread wheat. Because threshability is an important trait, many studies have sought to map the loci
involved. Jantasuriyarat et al. (2004) analyzed the ITMI mapping population and observed that two QTL that affected
threshability were located on chromosomes 2D and SA. The QTL on 2D probably represented the effect of Tg, the gene
for tenacious glumes. The QTL on 5A are believed to represent the effect of Q. Free threshing-related characteristics
were more affected by Tg and to a lesser extent by Q. Other QTL that were significantly associated with threshability in
at least one environment were located on chromosomes 2A, 2B, 6A, 6D, and 7B.

Nalam et al. (2007) analyzed RILs developed by ITMI and a ‘Chinese Spring/Chinese Spring 2D’ F, population
and observed that in the ITMI population, two QTL affected threshability and their location coincided with the two QTL
affecting glume tenacity. In the ‘Chinese Spring/Chinese Spring 2D’ F, population, the location of QTL that affected
glume tenacity coincided with 7g/. These results suggest that the effect of Tg/ and threshability is through the level of
attachment of the glumes to the rachilla. In our experiments, we observed that RILs obtained from two free-threshing
cultivars showed variation for threshability. The variation was studied using hand threshing. More observations were
made during the winter season of 2010-11, which are reported here.

Acknowledgement. To Shri Vikas and Shri Sudhakar Mali for help with the field work.
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Current activities.
Suman Bakshi, S.G. Bhagwat, Chun Mei Chang, and A.S. Shitre.

Bread wheat cultivars were grown in a replicated experiment and measurements were made on the canopy tempera-

ture depression. Another study monitored translocation of reserves from stem to the grain. Analysis of the data is in
progress. An RIL population from the intervarietal cross ‘Sonalika/Kalyan Sona’, a bread wheat RIL population for
grain protein content, and early flowering mutant lines in the background of cultivar C306, genotype MP3054, and
Hindi62 were carried forward. Grain size and shape mutants of the long grain durum genotype PBND 1625 and morpho-
logical mutants in a bread wheat genotype carrying multiple phenotypic markers were carried forward. The backcross
populations carrying sphaerococcum locus in Kalyan Sona background were carried forward. Other genetic stocks, such
as an ADH variant (tall and dwarf) and a lax mutant of sphaerococcum type in Kalyan Sona background were carried
forward.

Wheat seeds are exposed to soil conditions after sowing, which may include salinity and could affect germina-
tion. Seeds of T. turgidum subsp. dicoccum and T. aestivum subsp. aestivum were soaked in increasing concentrations
(100-500 mM) of NaCl and the germination percent and seedling height were measured. We observed that the germina-
tion percent decreased beyond 300 mM; seedling growth was reduced by 40-45% at 100 mM. The aleurone layers of T.
turdigum subsp. dicoccum and T. aestivum subsp. aestivum were incubated in liquid medium in the presence of different
concentrations of NaCl and assayed for amylase stimulation, protein secreted in medium, mitochondrial activity, and
weight loss. There was no effect on secreted protein, however, amylase stimulation, respiration, and weight loss were
affected by NaCl.
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DIRECTORATE OF WHEAT RESEARCH
Regional Research Station, PB No. 158, Karnal-132 001, Haryana, India.

Performance of timely and late-sown cultivars under different sowing times.
S.C. Tripathi and O.P. Dhillon.

Summary. A field experiment was conducted during winter seasons of 2005-06 to 2006—07 at the Directorate of Wheat
Research, Karnal, to evaluate the timely sown and late sown recommended cultivars under normal, late, and very late
sowing conditions. A clear picture will be provided as to whether or not timely sown cultivars perform equally good un-
der late and very late sowing conditions. A pooled analysis of two years data revealed a reduction grain yield of 14.4%
as sowing was delayed from normal to late sown conditions. Cultivar differences were observed for anthesis, maturity,
spike length, grain-filling period, grain production rate, and yield and yield attributing parameters. The interaction
between sowing time and cultivars was significant for grain yield. Three timely sown cultivars (PBW 343, HD 2687,
and PBW 502) performed better under normal sowing condition whereas the late-sown cultivar UP 2425 produced a
maximum grain yield (42.24 g/ha) under late sowing conditions and Raj 3765 produced a maximum grain yield (42.79 g/
ha) under very late sowing conditions, which was significantly higher than other cultivars. The resultsshowed that timely
sown cultivars did not perform better across the sowing time and that there is a need to develop different cultivars for
various sowing conditions.

Introduction. Wheat is the second most important crop after rice in India and in 2008-09 occupied approximately
28x10° ha with a production of 78.4x10° metric tons. India ranks second in wheat production after China. The area, pro-
ductivity, and production of wheat have increased 119, 236, and 634%, respectively, since 2005 compared with 1965-66
(base year). Weather is cool and dry in the early part of wheat-growing season (November to February) whereas tem-
perature rises during the grain-filling period (March—April), which is more pronounced in eastern part of Indo-Gangetic
plain, resulting in a reduced wheat-growing period. Wheat is grown under different agroclimatic conditions each having
variable productivity levels. In India, wheat is generally grown under three sowing conditions, i.e., normal (November
sown), late (December sown), and very late sown (January sown) conditions. The normal sown wheat crop is gener-
ally preceded by crops such as upland rice, soybean, sorghum, bajra, or even grown after fallow. The late sown wheat
crop is generally preceded by crops such as basmati rice, low land rice, cotton, and pigeon pea and very late-sown wheat
is grown after toria, pea, potato, and sugarcane ratoon. Delayed wheat sowing (normal to late, mid-November to the
first two weeks of December) resulted in a decrease in yield by 15.5,32.0, 27.6, 32.9, and 26.8 kg/ha/day under NHZ,
NWPZ, NEPZ, CZ, and PZ, respectively, for the timely sown cultivars. For the late-sown cultivars, a delay in sowing
(late to very late, first two weeks of December to the first two weeks of January) decreased the grain yield by 42.7,44.8,
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51.6, and 44.2 kg/ha/day under NWPZ, NEPZ, CZ, and PZ, respectively (Tripathi et al. 2005).

Some of the scientists think that timely sown recommended varieties do equally well under late and very late
sown conditions even under Indian subcontinent where hot and dry wind prevails during the grain-filling period. If this
holds true, then the separate breeding programs for late sown conditions are not neede. To test this hypothesis, we se-
lected a set of timely sown and late sown recommended cultivars and grew them under normal, late, and very late sown
conditions.

Materials and methods. A field experiment was conducted during the 2005-06 and 2006-07 winter seasons at the
Directorate of Wheat Research, Karnal (Latitude 290 43° N, longitude 760 58’ E and altitude 245 m). Six culivars, three
timely (PBW 343, HD 2687, and PBW 502) and three late sown (PBW 373, UP 2425, and Raj 3765), were evaluated un-
der normal, late, and very late sown conditions. The experiment was conducted in split-plot design and replicated three
times. Three sowing times in main plot, i.e., normal (11 and 12th November in 2005 and 2006), late sown (9th and 12

th December in 2005 and 2006), and very late sown (5th and 6th January in 2006 and 2007). After harvesting rice as a
fore crop, the field was prepared with a cultivator and disk and in each subplot 250 viable seeds were planted. Fertilizer
(150N, 60 P,0O, 40 K,O) was applied to the crop. A one-third dose of nitrogen in the form of urea, full phosphorous in
the form of diammonium phosphate, and potash in the from of muriate of potash was applied as basal, i.e., before sowing
and the remaining nitrogen was top dressed in two splits at the first node stage (DC 31) (Zadoks et al. 1974) and at boot
stage (DC 41). Irrigation was applied as needed. Weeds were controlled with an application of sulfosulfuron 25 g/ha in
400 liters of water 30 days after sowing. Observations were recorded on biomass, anthesis, maturity, grain-filling period,
and grain-production rate, yield and its component characters. Standard statistical methods of analysis were followed for
the parameters under study (Gomez and Gomez 1984).

Results and discussion. Delayed sowing from normal to late and very late increased the canopy temperature depression
significantly, whereas other parameters such as anthesis, maturity, spike length, and grain-filling period were reduced as
sowing was delayed. The difference between the time taken for anthesis under normal and very late sown situations was
about 25 days, whereas for grain-filling period, the difference was only 5 days. Canopy temperature depression under
very late sown conditions was almost double that of the timely sown plants, whereas spike length was reduced about 1.5
cm when very late sown. Yield and yield-attributing parameters also were significantly different due to sowing time in
both the years. From mean of two years, grain yield was reduced to 14.4 % as sowing was delayed from normal to late
sown conditions. This observation is in agreement with findings of Tripathi et al. (2005). Protein content increased in
delayed sowing.

Cultivar differences were observed for anthesis, maturity, spike length, grain-filling period, grain produc-
tion rate, and yield and yield-attributing parameters (Table 1 and Table 2, p. 27). PBW 343 took 90 days for anthesis,

Table 1. Effect of sowing time and cultivar on anthesis, maturity, canopy temperature depression (CTD), spike length,
grain-filling period, and grain production rate.
Grain
Canopy Grain-filling | production
temperature Anthesis Maturity Spike length period rate
Treatment depression (days) (days) (cm) (days) (kg/ha/day)
Sowing time 05-06 | 06-07 | 05-06 | 06—07 | 05-06 | 06-07 | 05-06 | 06—07 | 05-06 | 06—07 | 05-06 | 0607
Normal 198 | 193 101 100 134 134 8.7 8.5 33 34 130 141
Late 2.13 | 207 88 90 119 119 7.6 7.5 31 30 136 122
Very late 429 | 3.86 76 78 106 106 7.2 7.0 30 28 130 140
CDat5% 038 | 042 0.1 0.6 0.9 09 0.2 0.3 0.8 0.3 8.5 11.6
Cultivar
PBW 343 2.80 | 2.62 91 90 122 121 7.3 7.0 31 31 136 134
HD 2687 2.86 | 2.64 89 90 121 119 7.9 7.7 31 29 130 142
PBW 502 296 | 2.63 90 90 121 121 74 7.2 30 31 143 132
PBW 373 279 | 2.76 89 89 121 121 7.0 6.8 32 32 134 131
UP 2425 271 | 252 86 89 116 119 8.9 8.9 30 30 136 129
Raj 3765 270 | 2.56 84 87 118 119 8.5 8.3 34 31 115 138
CDat5 % NS NS 0.1 0.6 0.3 1.0 0.5 04 0.3 1.0 5.5 10.7
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Table 2. Effect of sowing time and cultivar on yield, yield-attributing parameters, and protein content.
1,000-kernel
weight Yield Biomass Protein
Treatment Spikes/m? (g) Grains/spike (q/ha) (q/ha) (%)

Sowing time | 05-06 | 0607 | 05-06 | 06-07 | 05-06 | 0607 | 05-06 | 0607 | 05-06 | 0607 | 05-06 | 0607
Normal 339 337 | 4122|4515 | 322 | 327 |4332|48.29 |109.12 | 111.72| 9.55 | 11.00
Late 393 389 |40.89 | 32.07 | 26.5 | 30.0 |42.15]36.25|108.79 | 88.81 | 9.01 | 11.58
Very late 335 330 [35.89(39.79 | 333 | 312 |39.17]39.54 |100.59 | 80.81 | 11.03 | 11.53
CDat5% 48 39 091 | 239 | 5.11 4.8 1.87 | 376 | 799 | 7.16 | 1.13 | 0.54

Cultivar

PBW 343 352 349 | 38.67 | 3695 | 31.6 | 339 |42.12 4222 |100.86| 9521 | 9.83 | 11.32
HD 2687 342 339 | 3700 | 3526 | 33.1 | 348 |40.56 | 41.61 | 107.67 |101.39] 895 | 11.07
PBW 502 368 362 | 40.89 | 40.72 | 29.2 | 289 |42.87 | 40.59 | 105.09 | 99.38 | 10.08 | 11.41
PBW 373 374 376 | 3922 | 4377 | 29.7 | 263 |43.21 | 42.09 | 106.61 | 101.54 | 10.16 | 11.51
UP 2425 335 331 3900|3943 | 323 | 309 |40.72|39.12 | 110.32 | 9197 | 10.15 | 11.58
Raj 3765 361 355 [ 4122|3789 | 28.1 | 32.6 |39.79 | 4251 | 10648 | 89.19 | 997 | 11.53
CDat5 % 32 32 123 | 5.50 3.1 5.5 1.84 | 305 | 4.69 8.11 127 | 045

whereas the late sown cultivar Raj 3765 was 86 days. All cutivars matured in 119 to 121 days. Late sown cultivar UP
2425 possessed longest spike length, which was significantly higher than others. The greatest number of spikes/m?* was
observed in PBW 373 and the lowest in UP 2425. Thousand-kernel weight was greatest in PBW 502 and the lowest in
HD 2687. PBW 373 produced the maximum grain yield (42.65 g/ha) followed by PBW 343 (42.17 g/ha); the minimum
was in UP 2425 (39.92 g/ha).

A significant interaction between sowing time and cultivar was observed for grain yield. All the three timely
sown cultivars (PBW 343, HD 2687, and PBW 502) performed better under timely sown conditions, whereas late sown
cultivar UP 2425 produced the maxi-
mum grain yield (42.24 g/ha) under late
sown conditions, which was significantly
higher than yield obtained by timely

Table 3. Interaction between sowing time and cultivar on grain yield (q/
ha, pooled basis). TS = timely sown recommended cultivar and LS = late

sown cultivars HD 2687 and PBW 502 | SoWn recommended cultivar.

under late sown conditions. Under very Sowing time

late sown conditions, Raj 3765 produced Cultivar Normal Late Very late Mean

the maximum grain yield (42.79 g/ha), PBW 343 (TS) 47.97 40.66 37.88 42.17

which was s1gn1ﬁcantly hlgher than other HD 2687 (TS) 47 .68 36.73 38.86 41.09

cultivars (Table 3). Thus, the hypothesis  Fopw"s0> 15) | 4785 38.89 38.46 4174

that timely sown cultivars will perform PBW 373 (LS) 4709 4204 3363 1265

better under late and very late sown con-

ditions was not true. The few late sown UP 2425 (LS) 43.48 36.78 39.50 39.92

cultivars that exceeded the yield level Raj 3765 (LS) 40.76 3991 42.79 41.15

over timely sown cultivars under late Mean 45.80 39.20 39.35

and very late sown situations provides CD at 5 % (sowing time) 2.00

a sound reason for developing cultivars CD at 5 % (cultivar) 1.58

separately for timely sown and for late CD at 5 % (sowing time x cultivar) 3.18

sown conditions.
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Pathogenic evolution of wheat rust pathogens in relation to resistance genes in Indian wheat culti-
vars — some suggestions for strengthening wheat rust resistance in India.

Wheat (T. aestivum, T. turgidum subsps. durum and dicoccum) is one of the prime cereal crops of India and is attacked by
the three rusts, stem or black, leaf or brown rust, and stripe or yellow rust. Stem rust survives throughout the year only

in the Nilgiri Hills of southern India. The Himalayas in northern India are too cold for the pathogen to survive during
winter. Therefore, after the wheat harvest in the Nilgiris Hills of southern India, stem rust drastically disappears from
India because of low inoculum build up in absence of the host. A P. striiformis that needs low temperature survives for
the whole year in the Himalayas is of epidemic consequences to the wheat crop in Himachal Pradesh, Uttranchal, Punjab,
Haryana, West Uttar Pradesh, and north Rajasthan. Leaf rust needs an intermediate temperature, and, thus, survives

and spreads from both southern

and northern foci and is important Table 1. New pathotypes in Indian rust flora over the years. New race names

throughout India (Nagarajan and are based upon the binomial system of nomenclature of Nayar et al. (1997,

Joshi 1985). Systematic work on 2003).

wheat rusts in India began in 1931 Period Stem/black rust Leaf/brown rust | Stripe/yellow rust

by Dr. K.C. Mehta. We haver made 11,11A,14,15,17, | 10,11,12,12a,17, 13.14.19.20.31

an effort to update the list of rust Upto 1975 | 21,24, 24A,34,34- | 20,63,77, 106, 38’ o mT T

races that have prevailed in different 1,40,42 107,108, 162

parts of India since 1975 by consult- 1975-80 21-1,40A,21A-2 77A, 104 14A,20A,38A,1

ing ICAR monographs (Mehta 1940, | 1980-85 117A-1 114A,104B,12-2  |K

1952) and Annual Wheat Workshop 77-1,77-2.77-3.

Reports regularly released by the All 1985-90 40-1,117-1 12-1,12-3, 12-4, L.N.P

;ndia Coordinate;i Vtheat la:ndfarley 107-1, 108-1

roject, previously from the IARI,

New Delhi, but now from the Dirce- | 0 H;g }};2 174, &4’377'5 A0y o e om

torate of Wheat Research (ICAR), — - -

Karnal (Table 1). 19952011 |40-2 77-6,71-1,71-8, | X9 virulence
77-9,77-10 (465119 and 78S84)

Changes in the distribution

patterns of wheat rust pathotypes in India — an historical account.

Vast areas under high-yielding wheat cultivars resulted in changes in the frequency and spectrum of stem, leaf, and
stripe rust pathogens. Race 12 (5RS5) of P. triticina was the most predominant between 1972 and 1977 in the north and
east zones with an overall frequency of 46%. During this period in the Nilgiris Hills in southern India, race 77 (45R31)
was predominant with a frequency as high as 56%. Race 12 (5RS5), although it virulence for very few genes, remained
most predominant in the country during these five years, except in the Nilgiris Hills. Race 104 (17R23), which was
first detected in samples from Nepal in 1972, was the second most prevalent race and predominated between 1972-77.
However, the frequency of these races declined during 1982-87 and were replaced by 104B (29R23). Although the
frequency of race 77 (45R31) declined in the Nilgiris Hills to 5% in 1982-87, it became most predominant race in the
Northern Hills, Northern Plains, and Eastern and Far Eastern zones replacing the virulent race 12 (5R5). The increase
in the frequency of race 77 (45R31) in rest of India appears primarily due to the increase in area of cultivars specifi-

cally susceptible to race 77. A second reason may be the presence of a greater number of virulence genes. In the Nilgiri
Hills, other biotypes of race 77, possessing additional pathogenicity for Lr/0 and Lr10+Lr26, replaced race 77 (45R31).
This group of biotypes is well distributed all over India and was found in over 46% of the samples analyzed. The shift
in virulence pattern from races 12 (5R5), 104 (17R23), and 77 (45R31) in 1972-77 to 77A (109R31), 77A-1 (109R23),
77-1 (109R63), and 104B (29R23) in 1982-87 is the result of a shift in varietal pattern over different parts of India
(Table 2, p. 29). Puccinia striiformis races 14(66S0), 20 (70S0) and 38 (66S0-1) prevailed in India before the cultivation
of dwarf wheats. After widespread cultivation of Mexican wheats, three variants 14A (66S64), 20A (70S64), and 38A
(66S64-1) predominated during 1975-80 in northwest India. Race I (38S5102), which matches Sonalika, predominates in

28



ANNUXL WHEANT N eWwWSLETTENR vV oL S 7.
the Nilgiri Hills. Since 1982, race K (475102) had the highest frequency in northwest India until the emergence of new
races N (46S102), P (475103), and Y79 (46S119 and 78S84) (Table 3).

Table 2. Population shift in Puccinia triticina over the years and consequential breakdown of erstwhile cultivars/
genes.

Prevalent Important new
population races emerged/
Period (>60% frequency) built up Susceptible genes/genotypes
1961-65 20,77,162 107A, 162A, 17, | NP770 and NP824, NP710 and NP809, 7. turgidum subsp.
131 dicoccum

196670 12,77,162,162A | 104, 104A,77A | Lr3: Democrat, Bowie, Texas
Lr10: Federation, Gabo, Ridley

1971-75 12,77,104A,162 | 104B Sujata, C306, Sonora 64
Lri3: Sonalika, Kalayansona, Lerma Rojo

1976-80 12,77,104B 77A-1 Lri3: HD2009, WL711

1981-90 104B, 77A-1 12-3,77-3,77- | Lr23: HD2285, HI977, DL153-2, GW173, HD2278, K8804
4,107-1,108-1 | Lri0+Lri3: HD2329

1991-97 77-3,77TA-1 77-5,104-2, Lr26: WH3004, UP2338, CPAN3004, DWR162, HP42, HS277
104-3

1997-2011 | 77-5 77-7,77-8, Lr9by 77-7,Lr19 by 77-8 and Lr28 by 77-10
77-10

Table 3. Population shift in Puccinia striiformis tritici over the years and consequential breakdown of erstwhile culti-
vars/genes.

Prevalent Important new
population races emerged/
Period (>60% frequency) built up Susceptible genes/genotypes
1961-65 14,19,20,31,A 38 NP770,792, 809, 824, 710, NP200, 201, 202, K65, C591
1966-75 14,19, 20,38, A 14A,20A,38A | Yr2: Kalyansona, Sonalika, Lerma Rojo, Sonora 64
1976-85 20, 38, 14A ILK Yr2 (KS): WL711, Kalyansona, HD2009
1986-90 12,77, 104B 77A-1 Lr13: HD2009, WL711
1991-96 N,K P, race Yr9 Yr9: WH542, CPAN3004, UP2338
1997-2011 Yr9 virulences — Yr9: PBW 343, DBW 17

New variability in rust pathogens renders genes ineffective from time to time.

The wide-spread cultivation of high-yielding cultivars over a large area with a high level of disease resistance since
1970 exerted directional selection pressure on the rust pathogen population. In response, new rust pathogens evolved
to match the resistance genes incorporated into the new wheat cultivars. In P. triticia, 17 new races emerged after 1970
from different regions of the country. The additional virulence was observed in race 12 (5RS) for Lr20+Lr23, Lr23,
Lr26, Lr15+Lr26,Lr9, Lr19, and Lr28. The race 104 (17R23), isolated from Nepalese samples in 1972, has now arisen
with biotypes having virulence for Lr20, Lr23, and race 77 (45R31) has acquired virulence to Lr10, Lr10+Lr23, and
Lri10+Lr26.

For P. striiformis, eight new races or biotypes were encountered over the last 20 years; 14A (66S64), 20A
(70S64), and 38 A(66S64-1), all virulent on Kalyansona; I (38S102), which matched Sonalika and Strubes Dickopf; and
Yrl,L (70S69), N (46S102), L (70S69), and P (47S103) had additional virulence for hybrid 46 (Yr3b, Yr4b), Chinese
166 (Yrl) and Yr3a+Yr4a. Yr9 races have now emerged and spread into the northwest plains, where a major portion of
the area is under cultivation with wheats having the Yr9 gene.
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For P. graminis tritici, the evolution of new races has been comparatively less, because wheat cultivation is not

that intensive in the Nilgiri Hills of southern India (inoculum source for stem rust target areas). The most remarkable
emergence of a new race has been that of 40-1, which is virulent on gene Sr24 and present in very few cultivars released
for cultivation in southern, central, and peninsular India.

Rust-resistant stocks used in Indian wheat breeding programs for protection from leaf and stripe

rusts.

The ‘boom and bust’ cycle, which occured particularly after the introduction of Mexican semidwarf wheats in the Indian
subcontinent, was eliminated by incorporating effective rust resistance genes (Lr and Yr) using specific resistant donor
lines in Indian wheat breeding programs (Tables 4 and 5).

Table 4. Lr genes used to date in Indian wheat breeding programs for leaf or brown rust resistance.

# of

Gene Source cultivars/lines Cultivar/line name

Lrl Malakoff, Sharbati, Sonora 4 Khushal 69, Moti, UP301, MP846

Lr3 Democrat (CI 3384) 1 CPAN1235

Lri0 | Lee, Timstein 6 BWI11, NI747-19, 15439, HD2009, HD2329, HS86

Lrll | Hussar (CI 4843) 1 HS86

Lri3 | Thatcher, Frontana 7 UP115, WL2265, PBW65, HS86, IWP72, Sonalika

APR

Lri4 | Hope, H44 2 Sonalika, WL711

Lri7 | RL6041,6008 1 NP846

Lr23 | Gaza durum 13 HI977,HYB65, HD2135, HD2270, HD2278, HD2204,
HD2258, HD2281, HD2285, HUW213, UP262, DL.153-2,
Girija

Lr26 | Secale cereale 22 HUW206, AKW1071, CPAN1874, DL802-3,
DL803-2, CPAN1922, CPAN3004, DWR 162,
DWR195, GW190, HD2610, HPW42, HS207,
HS240,HS277, HUW318, K8804, MACS2496, PBW299, 343,
UP2338, WH542

Lr34 | Chinese Spring 23 C306, DWR39, GW173, HD2189, HD2329, HD2501, 2610,
HI1977, 1077, HP1209, HPW42, HS207, 240, 295, K9006,
Kalyansona, NI5439, PBW175, PBW299, UP262, UP2338,
WH147, WH54

Table 5. Yr genes used to date in Indian wheat breeding programs for resistance to stripe or yellow rust.

Gene Source Documented line

Yr2 Heines VII type HD2009, 2189, 2278, 2285, 2329, 2380, HI977, 1077, HP1209, 1633, HS86,
HUW234, HW741, HW971,IWP72, J405, K8020, NI5439, PBW175, PBW222,
RAJ2184,RAJ3077, Sonalika, Swati, UP262, VL421, VL616, WH283

Yr2 (KS) | Heines VII type B W11,GW173, HD2402, HD2428, HDR77,HI1123, HP1102, HUW234, K7410,
K8027,LOK-1,PBW65, WL711

Yr3 Vilmorin type HS295

Yr9 Secale cereale CPAN1922, 3004, DL803-3. WR162, 95, GW190, HD2610, PW42, HS207, 240,
277, HUW206, 318, K8804, MACS2496, PBW299, 343, UP2338, WH533, 542

Yri8 Lr34 sources C306, DWR39, GW173, HD21892, HD2329, HD2610, HI1077, HP1209,
HPW42, HS207, 295, K8962, K9006, NI5439, PBW175, 299, UP2338, WH147,
542
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In search of additional/new genes.

Unfortunately, the genetic base of rust resistance in India wheat cultivars languishes in front of the array of new patho-
types that have emerged or built up during the last 2 to 3 decades. To sustain wheat yields in India, the search for new
genetic sources of resistance becomes imperative. A number of genes are available and need to be exploited to alleviate
resistance base of Indian wheat germ plasm (Tables 6 and 7).

Table 6. Unutilized genes for resistance to leaf or brown rust useful for Indian wheat breeding programs.

Gene Source Remarks
Lr2a Webster (CI 3780) Useful component of multiple gene resistance.
Lr4-Lr8 Waban (CI 12992) Difficult to characterize, not of much use.
Lr9 Ae. umbellulata Present in very limited Indian cultivars, widespread effectiveness.
Lril Hussar (CI 4843) Temperature insensitive, slow ruster.

Lri2 Spring Adult-plant resistance.

Lrl5 Kenya W1483 Temperature sensitive, effective at 15-18°C.
Lri6 Selkirk Frequency of virulence remains low.
Lri7 Timson Useful in multiple gene resistance.
Lri8 T. timopheevii Temperature adability.

Lr20 Thew, Chinese Spring Durable resistance

Lr2] Ae. tauschii var. meyeri Adult-plant resistance.

Lr22 Ae. tauschii No known virulence.

Lr24 Thinopyrum ponticum Undesirable red grains.

Lr25 Secale cereale cv. Rosen No known virulence.

Lr27+Lr31 | CS*6/Hope 3B Complementary genes.

Lr28 Ae. speltoides No virulence in India.

Lr29 Th. ponticum Virulence in Pakistan and Turkey.
Lr30 Terenzio Slow ruster.

Lr32 Ae. tauschii (RL 5497-1) Wider stability.

Lr33 Thatcher*6/PI 58548 Effective in combination.

Lr35 Ae. speltoides Adult-plant resistance.

Lr36 Ae. speltoides Not studied much.

Lr37 Ae. ventricosa Effective field resistance.

Lr38 Th. intermedium Virulence unknown.

Lr39-Lrd44 | Ae. tauschii Not studied much.

Table 7. Unutilized genes for resistance to stripe or yellow rust useful for Indian wheat breeding programs.

Gene Source Remarks
Yril Chinese 166 Becomes susceptible to barley races, world wide.
Yrd Hybrid 46 Low level of virulence in India.
Yr5 T. aestivum subsp. spelta album | Rare virulence.
Yr6 Heines Kolben Higher resistance at low temperature.
Yr7 Tumillo durum High frequency of virulence worldwide.
Yr8 Ae. comosa Resistance is not durable.
Yrio Moro (PI 178383) No known virulence in India.
Yril Joss cambier Adult-plant resistance (presumed).
Yri2 Mega Adult-plant resistance (presumed).
Yri3 Maris Huntsman Adult-plant resistance (presumed).
Yri4 Hobbit Adult-plant resistance (presumed).
Yri5 T. turgidum subsp. dicoccoides Virulence unknown.
Yri6 Cappelle Desprez Adult-plant resistance and durable resistance.
Yri7 Ae. ventricosa More susceptible at low temperature.
Yris§ Terenzio Adult-plant resistance.
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Durable resistance — global experience and lessons to Indian wheat breeders.

Durable disease resistance remains effective in a cultivar even though it may be widely grown over a long period of time
in an environment that favors disease epidemics. This descriptive term does not provide an explanation for the basis

of inheritance of this trait. Durable resistance has the following dimensions: 1. covers a large area, 2. grown for many
years, and 3. high inoculum load and favorable weather. On the basis of multilocational data on triticale, cultivar Co-
orong was selected from a CIMMYT trial for widespread cultivation in Australia, because the alien gene Sr27 gave total
resistance to stem rust. Almost immediately after the commercial release of Coorong, stem rust was observed because
the pathogen developed matching virulence in Australia. The durability of genotype, therefore, cannot be assessed by
means of small field trials or multilocation evaluation for a few seasons. The Sr26 gene, derived from Thinopyrum elon-
gatum, has been used in Australia since 1970, is present in a number of wheats, and is designated as durable. Multiloca-
tion tests do not guarantee resistance nor are the alien genes are always durable. Vanderplank rationalized that non-
specific or horizontal resistance will neither lead a cultivar into boom-and-bust cycle nor exert any directional selection
pressure on the pathogen and, therefore, will be durable. Although Vanderplank considered durable resistance to be a
polygenic trait, he cited a number of examples such as the maize—P. polysora system in Africa, where a single resistance
gene contained the disease for a number of years.

The oat cultivar Red Rustproof is still durable to crown rust even after one-hundred years. The wheat culti-
vars Thatcher and Lee have withstood stem rust for 55 and 30 years, respectively. Cappelle Desprez has expressed a
moderate resistance to stripe rust at the adult-plant stage for the last 20 years. Cappelle Desprez carries both seedling
and adult-plant resistance with genes Yr3a and Yr4a. No detectable race-specific component has been detected in the
adult-plant stage in Cappelle Desprez; but all cultivars with Yr3a and Yr4a have not been durable. Genetic analysis of
Cappelle Desprez shows that chromosomes 5BS and 7BS contribute substantially to durable resistance. Further analysis
showed that the long arms of homologous chromosomes 5A, 5B, and 5D increase susceptibility, whereas the short arms
of these chromosome had the opposite effect. Cappelle Desprez appears to possess an optimal balance between the ef-
fects of genetic loci in increasing resistance and those favoring susceptibility.

Several lines derived from H44 and Hope also exhibit durable stem rust resistance. Cultivars such as Thatcher,
Lee, Hope, Kenya Page, Africa Mayo, and Selkirk, which have been used globally, possess the Sr2 adult-plant resistance
gene. This gene is tightly linked with the pseudo-black chaff gene and when present in combination with other genes, as
in Selkirk, produces a durable resistance. In Australia, wheats with five to six different resistance genes are cultivated.
Gene Sr36 derived from T. timophevii (SrTt-1) is present in cultivars Mengavi, Mendos, Timson, Cook, Timgalen, and
Shortim and in various blends,with Sr5, Sr6, Sr7a, Sr8, Sr9c, Sril, and Srl17. In race surveys, the occurrence of match-
ing virulences was detected for most of the genes either alone or in combination. However, combined virulence for Sr36
was very low in frequency in Australian wheat despite the fact that Sr36 was released in varietal background as early as
1967. Therefore, like Sr2, combining Sr36 with other resistance genes can render wheat cultivars durable.

Many host resistance genes that are matched by the pathogen survive in breeding populations for a long time,
because these gene are not totally overcome by the pathogen and they still carry some amount of residual resistance. In
the barley—Erysiphe graminis hordei system, they are referred to as defeated genes. In the wheat—P. striiformis system,
segregation for resistance to stripe rust can be obtained through minor gene effects, temperature-sensitive genes, adult-
plant genes, and various forms of disease resistance. The breeding strategy and selection methodology needs to be
viewed accordingly.

Pyramiding resistance genes — one of the effective approaches to curtail fast emergence of new, viru-
lent mutants of rust pathogens.

The idea of pyramiding genes was conceived as an alternative to breeding for polygeneic traits. When only a single re-
sistance gene is present in a host, it soon becomes susceptible. Subsequently, adding one or more resistance genea in that
cultivar will increase resistance. Conversely, if four or five cultivars with single resistance genes are grown, all of them
are exposed to the same pathogen population and this does not reduce vulnerability to epidemic. However, if these genes
are brought into one background, because of additive gene action, the wheat will have resistance to a wide spectrum of
pathotypes and the resistance will be durable. Virulence is gained at the cost of fitness, so a pathotype able to infect all
the resistance genes in such a cultivar is likely to be less fit in nature and may not induce an epidemic. The approach of
pyramiding resistance genes also might prolong their usefulness.
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Pyramiding resistance gene provides greater durability if the pathogen is solely dependent on an asexual life
cycle and mutation and recombination are less pronounced (Marshall 1977). Combinations of resistance genes have pro-
vided good field resistance to wheat stem rust in Australia for several years (MclIntosh 1992). Because the alternate host
of P. graminis tritici is nonfunctional, in Australia pyramiding resistance genes has paid rich dividends. In North Amer-
ica, resistance gene combinations involving Sr2 have provided durable resistance to stem rust, and Lr/3 and Lr34 when
combined with other leaf rust resistance genes also have provided durable resistance (Kolmer et al. 1991). Pyramiding
resistance genes has provided durable resistance in some cases. For instance, the French cultivar Cappelle Desprez has
durable resistance to eyespot; the other source is VPM, derived from a cross involving the wild grass Ae. ventricosa.
Molecular markers linked to these genes have been identified (Worland et al. 1988; Koebner and Martin 1990). Seed-
lings with both these genes with better eyespot resistance (Doussinault and Douaire 1978) can be selected using mo-
lecular markers facilitating selection for better resistance. In view of the rust-management philosophy described above,
several unexploited gene(s) may be useful for pyramiding in popular Indian wheat cultivars (Table 8).

Table 8. Suggested sources of adult-plant resistance for strengthening leaf and stripe rust resistance in Indian wheats.

Gene | Source Remarks
LEAF RUST
Lr2a Webster (CI 3780) Useful component of multiple gene resistance.
Lril Hussar (CI 4843) Temperature insensitive, slow ruster.
Lri2 Spring Adult-plant resistance.
Lri7 Timson Useful in multiple gene resistance.
Lr20 Thew, Chinese spring Durable resistance.
Lr21 Ae. tauschii var. meyeri Adult-plant resistance.
Lr22 Ae. tauschii No known virulence.
Lr28 Ae. speltoides No virulence in India.
Lr30 Terenzio Slow ruster.
Lr32 Ae. tauschii (RL 5497-1) Wider stability.
Lr35 Ae. speltoides Adult-plant resistance.
Lr37 Ae. ventricosa Effective field resistance.
Lr38 Th. intermedium Virulence unknown.

Slow rusters (adult-plant genotypes possessing useful seelding resistance genes in India (Kumar et al. 1999).
Lr34 alone HP 1731, C 306
Lr34+Lri10+Lr13 | NIAW 34, HD 2329

Lr34+Lr23 GW 232,HI977,HI 1077, GW 173, PBW175
Lr34+Lr26 PBW 343, PBW 373, HS 240, UP 2363, WH 594, WH 596
Lr34+Lr23+Lr26 | DL 802-3, HS 317, Gabo, Frontana
STRIPE RUST
Yrd Hybrid 46 Low level of virulence in India.
Yr5 T. aestivum subsp. spelta Rare virulence (in snowy conditions only).
album
Yrio Moro PI 178383 No known virulence in India.
Yril Joss Cambier Adult-plant resistance.
Yri2 Mega Adult-plant resistance.
Yri3 Maris Himtsman Adult-plant resistance.
Yri4 Hobbit Adult-plant resistance.
Yri5 T. turgidum subsp. dicoccoides | Virulence unknown.
Yri6 Cappelle Desprez Adult-plant resistance and proven durable resistance
Yri7 Ae. ventricosa More susceptible at low temperature
Yri8 Terenzio Adult-plant resistance.
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JANTA VEDIC COLLEGE
Department of Genetics and Plant Breeding, Baraut Baghpat (UP), India.

Genetics of leaf rust and leaf blight resistance in different crosses of common wheat.
Sarvan Kumar and Dhirendra Singh.

Abstract. Leaf blight caused by Alternaria triticina (HLB) and leaf rust caused by Puccinia triticina are two of

the important diseases of wheat that are widespread in India. Postulating the genes in most of the released culti-

vars, a chi-square test applied for HLB and leaf rust separately. The HLB reaction in the F, generation was a 3:1
(susceptible:resistant) ratio was observed in two crosses, and we conclude that the susceptible reaction is governed by a
dominant gene(s) in both the crosses. A 15:1 ratio fitted in three crosses showed that susceptible reaction is governed by
duplicate gene(s). Tests also were used for leaf rust reactions to check the validity of expected ratio in the F, generation.
The 3:1 ratio (susceptible:resistant) fit three crosses and this resistant type reaction is governed by a dominant gene(s).
Two crosses fit a 15:1 ratio indicating a resistant type infection governed by duplicate gene(s).

Introduction. Among cereals, wheat is ranked second after rice and is the staple food, especially in northern India,
where most people are vegetarian. The crop is grown successfully between an altitude of 30°0-60°0 N and 27°0-40°0 S.
Wheat is extensively cultivated under diverse agroclimatic conditions in India covering most of the states except Kerala.
All wheat cultivated in India is spring type but grown during the winter. Wheat, the main food crop of India, contributes
significantly to the central pool. The cultivation of wheat in India started very early, during prehistoric times and, thus,
the origin of wheat is still a matter of speculation. Wheat research to develop high-yielding cultivar and improve man-
agement techniques started about a century ago in India. A large number of valuable cultivars were bred and released for
commercial cultivation. These cultivars were tall and mainly suited to low-input management with low yield potential.
However, a turning point came in the history of wheat breeding during mid-1960s with the introduction of semidwarf,
photo-insensitive, high-yielding Mexican wheat breeding material developed at CIMMYT under the guidance of Nobel
Laureate Dr. Norman E. Borlaug. These cultivars were tested under the All India Coordinated Wheat Improvement
Project and, as a result, three genotypes, Lerma Rojo, S 308, and Sonora 64, which out yielded the old tall wheat culti-
vars, were released for general cultivation in major wheat-growing areas of India.
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Wheat is cultivated on over 217.53 x 10° ha in world with 610.87 x 10° metric tons produced during 2007-08.
The wheat-growing area in India is about 28.00 x 10° ha with highest production of 78.4 x 10° tons (Anonymous 2008).
Globally, the maximum area under wheat is in China followed by U.S.A. and India. In terms of production per unit area,
the U.S.A. stands first followed by the Russian Federation. In India, wheat is the main cereal crop and is second only to
rice. Uttar Pradesh, Madhya Pradesh, Punjab, Rajasthan, Bihar, Haryana, Maharashtra, and Gujarat are the major wheat-
growing states in the country.

Three species of genus Triticum, T. aestivum subsp. aestivum (bread wheat or common wheat), 7. turgidum
subsp. durum (macaroni wheat), and 7. turgidum subsp. dicoccum (emmer or khapli wheat) are grown in India. Common
wheat, with 2n = 6x = 42 chromosomes, is the most important and mainly grown for chapatti making on a wide area.
Triticum turgidum subsp. durum is grown in some states primarly for pasta products. Stem, leaf, and stripe rust have
been major concerns for quite some time, because rust epidemics before or during flowering are most detrimental. The
symptoms for stripe rust (also called yellow rust and glume rust) caused by P. striiformis usually appear earlier in the
spring than symptoms for leaf or stem rust. Leaf rust (also called brown rust) is one of the most common wheat diseases
in the world. Rough estimates of up to 40 percent yield losses due to leaf rust at various flag leaf severities and differ-
ent growth stages have been reported (RL Bowden, personal communication). Leaf rust can inflict serious yield losses
in epidemic years (Joshi 1976; Kolomer 1996). Although the disease has more or less been contained in India because
of research efforts over the last 50 years, efforts to identify novel genes conferring resistance to this disease need to be
continued because of fast evolution of the leaf rust pathogen (Nayer et al. 1996, 2000). So far, nearly 60 genes confer-
ring resistance to leaf rust have been identified and designated LrI through Lr60 (Mclntosh et al. 2007). Germ plasm
collections have been evaluated India for resistance to leaf rust and many accessions the resistance cannot be ascribed to
any of the known genes (Shiwani and Saini 1993; Saini et al. 1999). Resistance breeding is the most important control
strategy, and its success depends on the identification of resistance genes in genotypes.

Foliar blight is an important disease of wheat occurring all over India, perticularly in major wheat-growing re-
gions and ranks close to rust in destructiveness (Directorate of Wheat Research 1999). The disease occurs as a complex
in which causal organisms are Alternaria triticina and Bipolaris sorokiniana. the disease has been observed from initial
stage up to growth stage 47 on Zadoks Scale (Zadok et.al. 1974). The dominant pathogen is A. triticina and after growth
stage 57, B. sorokiniana appears and causes significant damage (Chaurasia et al. 2000). A field heavily infected with
Alternaria blight diseases presents a burnt look and crop loss may be more than 90 percent (Raut et al. 1983).

Materials and methods. Seven bread wheat cultivars were obtained from Directorate of Wheat Research, Karnal (DBW
14, HUW 468, HUW 533 ,GW 273, PBW 502, DL 788-2, and PBW 443). The material was grown in a randomized
block design with three replications at the Research Farm of Janta Vedic College (JVC), Baraut, Baghpat, during rabi
season 2005-06. Each genotype was sown in a 3.0-m three-row plot, keeping the plant-to-plant and row-to-row distance
of 10 cm and 23 cm, respectively. All recommended agronomic and cultural practices were adopted to ensure a good
crop. A total of five straight cross combinations, I (DBW14/HUW468), I1 (DL788-2/PBW502), III (DBW 14/HUWS533),
IV (GW273/HUW468), and V (PBW443/HUWS533) were attempted and sufficient seed was ensured for each cross. The
F, generations of all five combinations were advanced at Lahaul and Spiti (HP) during summer 2006. In addition, the
BC, and BC, populations of each combination also were obtained in summer nursery. This way, a complete set of breed-
ing material comprising the seven parents, five each of the F , F,, BC , and BC, generations was obtained and planted
along with an infecter row during the rabi season 2006-07 at JVC. The plot size for the parental lines, F s, BC , and BC,
was two 2.5-m rows; each F, population was grown in 10 2.5-m rows plot. The entire plot was surrounded by one row
with an infector cultivar to create epidemic conditions in the plots.

Result and discussion. Leaf blight. The inheritance of Helminthosporium leaf blight resistance in bread wheat was
studied in five crosses that were screened under artificial epidemic conditions by spraying with a spore suspension of a
mixture of virulent races. Plants with less than 46 percent of the leaf area infected were considered resistant and those
with a greater leaf area infected were considered susceptible. The F s of most all the crosses had a susceptible reaction,
indicating dominance of susceptibility over resistance. The chi-square analysis test fit a ratio of 3:1 (3 susceptible:1 re-
sistant) plants in the F, generations of crosses I and III, suggesting that the susceptible reaction is governed by dominant
gene(s). Plants in the F, generation of crosses II, IV, and V segregated 15:1 (15 susceptible:1 resistant), suggesting that
susceptibility is governed by duplicate gene in the progenies of these crosses (Table 1, p. 36). These findings are similar
to those of Narula et al. (1971) and Kulshrestha et al. (1976) who reported that a susceptible reaction was inherited as a
dominant gene in bread wheat. Kaur et al. (2003) reported the susceptible reaction is governed by two dominant genes
with complementary effect.
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Table 1. Segregation in the F, generation of five crosses of bread wheat to foliar leaf blight in the field after artificial
inoculation. * Significant at 0.05 % level (X? value 3.841 at 1 degree of freedom).
F2 reaction
Total Observed Expected Expected

Cross combination | plants S R S R ration X2 Gene action
DBW14/HUW468 60 49 11 45.00 15.00 3:1 1.422% Dominant
DL788-2/PBW502 60 56 4 56.25 3.75 15:1 0.017* Duplicate
DBWI14/HUWS533 60 48 12 45.00 15.00 3:1 0.800* Dominant
GW273/HUW468 60 56 4 56.25 3.75 15:1 0.017* Duplicate
PBW443/HUWS533 60 57 5 56.25 3.75 15:1 0.445% Duplicate

Leaf rust. The inheritance of leaf rust resistance in wheat was studied in five crosses that were screened under artificial
epidemic conditions by spraying with an aqueous suspension of urediospores of pathotype 77-5. The parents, F s, and
F, generations also were evaluated for disease severity against pathotype 77-5 at adult-plant stage under field conditions.
The leaf rust response and severity was recorded in the F,. The F, plants of all the crosses showed a resistant type reac-
tion, indicating dominance of resistance over susceptibility. The chi-square analysis gave a good fit for a 3:1 (3 resist-
ant:1 susceptible) ratio in the F, of crosses II, IV, and V, suggesting that resistance is monogenic dominant (Table 2). A
15:1 (15 resistant: 1 susceptible) ratio was found in crosses I and III, indicating that resistance in these crosses is gov-
erned by duplicate gene(s). Leaf rust is widespread in India. Most of the released cultivars and advanced varietal trial
entries are susceptible to the highly virulent pathotypel21R63 (Nayar et al. 2001). These findings agree with those of
Nayar et al. (1993, 1997), Datta et al. (2004), Basandrai et al. (2004), Haghparast et al. (2004), and Honrao et al. (2004).

Table 2. Segregation in the F, generation of five crosses of bread wheat to leaf rust in the field after artificial inocu-
lation with pathotype 77-5. All F, plants had a resistant reaction. * Significant at 0.05 % level (X* value 3.841 at 1
degree of freedom).
F2 reaction

Total Observed Expected Expected
Cross combination | plants S R S R ration X2 Gene action
DBW14/HUW468 60 56 04 56.25 3.75 15:1 0.018* Duplicate
DL788-2/PBW502 60 42 18 45.00 15.00 3:1 0.800* Dominant
DBWI14/HUW533 60 46 14 45.00 15.00 3:1 0.087* Dominant
GW273/HUW468 60 56 06 56.25 3.75 15.:1 1.440%* Duplicate
PBW443/HUWS533 60 51 09 45.00 15.00 3:1 3.200%* Dominant
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ITEMS FROM ITALY

CONSIGLIO PER LA RICERCA E LA SPERIMENTAZIONE IN AGRICOLTURA,
Unita di ricerca per la valorizzazione qualitativa dei cereali (CRA-QCE), Via Cassia,
176, 00191 Rome, Italy.

Behavior of wheat cultivars in organic farming tested at the seedling stage with Stagonospora nodo-
rum.

Angela Iori, A. L'Aurora, and A. Niglio.

The Septoria disease complex is caused by two pathogens, Phaeosphaeria nodorum (anamorph Stagonospora nodorum)
and Mycosphaerella graminicola (anamorph Septoria tritici) that frequently occur together on the same plant in Italy.
Both the fungi attack the epigeous parts of the plant with similar symptoms and can cause quantitative and qualita-

tive damage. Septoria nodorum also infects the kernels with damage to the grain. Because S. nodorum is a seedbome
fungus, infected seed is an important source of primary inoculum and can be a more dangerous vehicle of infection for
organic farming than in conventional agriculture.

The agronomic, qualitative, and phytopathological aspects concerning National Organic Network of many culti-
vars of durum and bread wheat have been studied in Italy for some years (Perenzin et al. 2010; Quaranta et al. 2010, ori
et al. 2010). In 2009-10, data collected from field surveys again showed the prevalence of Septoria disease complex on
both durum and bread wheats, confirming an increase in the economic importance of this plant disease already observed
in recent years. Data related to naturally acquired diseases were reported by lori et al. (2010).

Our aim was to analyze the behavior of same wheat cultivars at the seedling stage artificially inoculated with S.
nodorum in greenhouse that were previously observed in field for Septoria disease complex. Seventeen bread wheat and
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20 durum wheat cultivars were tested. Seedlings
were grown in greenhouse at 20°C with a 12-hour
photoperiod. Artificial inoculations were made
using four isolates of S. nodorum (Sn 16268, Sn
16271, Sn 16357, and Sn 16165). These isolates
were collected from naturally infected durum and
bread wheat plants collected in different regions
of Italy. The method of isolation and prepara-
tion of isolates followed that of Iori and L'Aurora
(2010). The fungal suspension was prepared
immediately before inoculation at a concentration
of 1 x 10° conidia/mL plus the addition of Tween
20. For each cultivar, 20 seedlings at the second-
leaf stage were inoculated and 20 seedlings were
used as noninoculated controls. After inoculation,
the seedlings were put in a humidity chamber for
72 hours and then returned to the greenhouse.
Disease severity was evaluated at 5,7, and 10
days on the first leaves using the scale of Liu et
al. (2004).

The results of the durum wheat cultivar
screening are given in Table 1. All cultivars were
resistant to isolate Sn 16268. All cultivars were
susceptible to Sn 16271, except Anco Marzio.
Claudio, Normanno, and San Carlo were resistant
to both bread wheat isolates and one isolate from
durum wheat.

The bread wheat cultivars showed a
different behavior with the isolates (Table 2).
Cultivars Adelaide, Antille, Aubusson, Azzoffe,
Bramante, Egizio, PR22R58, Saigemma, and
Sirtaki were resistant or moderately resistant to
all wheat isolates tested. Only Blasco and Genesi
were susceptible or moderately susceptible to the
four isolates used. Other bread wheat culitvars
showed a behavior ranging from resistant to sus-
ceptible with the different isolates.

The S. nodorum resistance in bread and
durum wheats at the seedling stage is interesting,
because some authors reported a high relation-
ship between seedling and field tests (Karyalainen
1986; Wicki et al. 1999; El-Bana and Galal 2007).
Consequently, our seedling results inform us
about cultivar resistance to S. nodorum, which is
especially important in organic farming.

Acknowledgements. Cultivars were provided by
Dr. M. Perenzin and F. Quaranta from material
used in National Organic Networks.

Table 1. Durum wheat cultivars artificially inoculated at the
seedling stage with Stagonospora nodorum isolates collected from
durum (P) and bread (V) wheat leaves. Symptom severity was
evaluated using a 0-5 scale (Liu et al. 2004), where 0 = highly
resistant; 1 = resistant, 2 = moderately resistant, 3 = moderately
susceptible, 4 = susceptible, 5 = highly susceptible, and — =
missing data. Average values based on repeated trials are

reported.

Cultivar Sn 16268° | Sn 16271° | Sn 16357" | Sn 16165"
Anco Marzio 1.0 2.5 35 22
Ciecio 2.0 3.5 1.5 3.0
Claudio 1.0 4.5 2.5 2.5
Colosseo 20 40 4.0 4.0
Creso 1.5 4.0 4.0 3.0
Duilio 1.0 3.0 1.5 3.6
Dylan 2.0 32 3.0 3.0
Iride 2.0 3.7 4.0 2.5
Karalis — 35 — 2.5
Latinur 1.0 3.0 2.5 3.0
Meridiano 1.5 2.7 0.5 3.0
Neolatino 1.5 32 3.0 2.7
Norrnanno 1.0 3.7 1.5 2.5
San Carlo 2.0 3.7 2.5 2.5
Saragolla 1.5 3.7 2.0 35
Severo 1.5 35 1.5 29
Simeto 1.5 4.5 2.5 3.7
Svevo — 3.7 2.5 3.0
Tirex 2.0 4.0 3.5 32
Vinci 15 4.5 3.0 32

Table 2. Bread wheat cultivars artificially inoculated at the
seedling stage with Stagonospora nodorum isolates collected from
durum () and bread (V) wheat leaves. Symptom severity was
evaluated using a 0-5 scale (Liu et al. 2004), where O = highly
resistant; 1 = resistant, 2 = moderately resistant, 3 = moderately
susceptible, 4 = susceptible, 5 = highly susceptible, and — =
missing data. Average values based on repeated trials are

reported.

Cultivar Sn 16268° | Sn 16271° | Sn 16357" | Sn 16165"
Adelaide 1.5 2.0 2.0 2.5
Albachiara 35 2.0 4.0 3.0
Antille 2.5 2.0 1.5 2.5
Aquilante 1.5 2.5 1.5 4.0
Aubusson 2.0 1.5 1.0 1.0
Azzoffe 2.0 2.5 2.0 2.5
Blasco 3.5 3.0 3.5 4.0
Bolero 3.0 35 3.0 2.0
Bramante 0.5 1.0 0.5 2.5
Egizio 0.5 1.5 0.5 2.5
Enesco 2.5 3.0 2.5 2.0
Epidoc 2.5 35 35 3.0
Genesi 3.0 4.0 4.0 35
Lilliput 3.0 30 2.0 3.5
PR22R58 2.5 1.0 1.0 2.5
Salgemma 1.5 1.5 1.5 1.0
Sirtaki 1.5 2.0 2.5 2.0
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Effects of Stagonospora nodorum on durum wheat cultivars artificially inoculated in the field.
A. Tori, F. Quaranta, P. Cacciatori, C. Cecchini, C. Cristofori, Mi. Chierico, Ma. Chierico, A. L'Aurora, and M. Foschia.

Phaeosphaeria (syn. Leptosphaeria) nodorum (E. Miill.) Hedjar (anamorph Stagonospora (syn. Septoria) nodorum
(Berck.) Castell. & Germano) is a necrotrophic fungal pathogen that is the causal agent of Stagonospora nodorum blotch
(SNB) on durum and bread wheat. A widespread disease in various parts of the world, SNB is generally observed every
year on wheats in Italy. The first symptoms of fungal attack are chlorotic spots. As the disease develops, oval leaf le-
sions with a yellow border surrounding the necrotic area appear. Finally, large leaf portions die, damaging the photosyn-
thetic capacity of the plant.

This preliminary study was to assess some characteristics related to the behavior of eight durum wheat cultivars
in the field and evaluate the effects of the disease on some quantitative and qualitative traits. Eight durum wheat culti-
vars were artificially inoculated in field with S. nodorum during the 2009—10 crop season using an isolate obtained from
a naturally infected plant. The spore suspension (1 x 10° conidia/mL) was prepared immediately before use from 7-day-
old cultures followed by the addition of Tween 20. The trials were carried out in an experimental field located in Mon-
telibretti (Rome). The cultivars were sown in the field in ‘1 x 1.5-m’ plots replicated twice. The plots were artificially
inoculated and a control plot was treated with fungicides. Inoculation was at spike emergence. Inoculated plants were
covered for 48 h with a transparent plastic film to retain moisture; a bucket with water also was placed under the plastic.
The control plots were sprayed with commercial fungicides (once with Horizon and twice with Folicur). Plots were har-
vested at maturity. Disease assessments were made considering the percentage of flag leaf and spike area affected by S.
nodorum. The following qualitative and quantitative traits were analyzed: grain yield, kernel weight, hectoliter weight,
protein content, and SDS sedimentation test.

During the first months of 2010, high humidity favored the development of S. nodorum and inoculated plants
showed significant attacks on both the flag leaf and spike. The highest disease were observed in cultivars Ciccio and
Svevo (Table 3). Inoculated samples had lower grain yield, hectoliter weight, and 1,000-kernel weight than the control,
but this was not observed in grain yield for cultivars Ciccio and Normanno. The hectoliter weight of Simeto was similar
in both inoculated and treated samples. All the inoculated cultivars, with the exception of Dylan, showed 1,000-kernel
weight lower than that obtained from the control plots. Grain protein content and SDS sedimentation test, which is
related to the gluten strength in durum wheat samples, were higher in inoculated samples compared with the controls.

In particular, the protein content of the inoculated samples had an average value of 14.7%, whereas it was 12.7% in the
treated controls. The highest protein content was in Creso, and Saragolla had similar values for bothe the inoculated and
treated samples. For the SDS sedimentation test, the inoculated samples and treated controls were equal only the cultivar
Simeto. The data is summarized in Table 3, p. 40.
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Table 3. Effects of Staganospora nodorum infection on yield, heading date, plant height, hectoliter weight, 1,000-ker-
nel weight, protein content, and SDS sedimentation test on eight durum wheat cultivars artificially inoculated in field.
I = inoculated cultivar, means of duplicate plots; T = treated cultivar; — = missing data.
Heading
S. S. date 1,000- SDS
nodorum | nodorum | Grain (days Plant | Hecto- kernel Protein | sedimen-
on flag | on spike yield after 1 height liter weight content tation

Cultiar leaf (%) (%) (kg/plot) | April) (cm) (kg/hl) () (%) (mL)
Ciccio I 60 50 0.345 20 72 60.1 38.7 15.8 41
Ciccio T 0 0 0.322 22 65 66.2 41.8 12.5 40
Creso [ 60 5 0.299 31 72 69.6 41.7 17.1 42
Creso T 0 0 0.575 31 70 73.8 435 12.4 40
Dylan | 50 5 0.479 28 72 71.1 423 13.7 48
Dylan T 0 0 0.707 28 75 73.8 40.1 12.6 40
Iride I 60 20 0.636 20 70 70.0 41.6 13.4 47
Iride T 0 0 0.707 21 75 77.5 43.6 12.3 43
Nonnanno I 60 20 0.672 26 75 73.5 409 14.7 47
Normanno T 0 0 0.360 27 70 74.6 43.1 10.6 44
Saragolla | — — 0.400 19 70 66.8 46.9 13.6 44
Saragolla T 0 0 0.700 20 75 76.5 484 13.5 42
Simeto | 50 20 0.338 22 70 67.1 432 15.0 41
Simeto T 0 0 0.380 24 70 66.8 49.5 14.1 41
Svevo | 90 90 0478 19 75 72.0 424 143 40
Svevo T 0 0 0.649 20 75 77.7 46 .4 13.7 32

The results of this study highlight the susceptibility of these cultivars after artificial inoculation with S. nodorum
at the adult-plant stage. Grain yield, 1,000-kernel weight, and hectoliter weight of the inoculated samples were lower
than those of the treated controls, and this is consistent with the expectations (Karialainen and Salovaara 1988; Gilbert
and Tekauz 1992; Bhathal et al. 2003). The protein content and SDS sedimentation tests of the inoculated samples
weregenerally higher than those of the controls. The highest protein content in the inoculated samples agrees with previ-
ous reports that severe infection increases the protein content (Karyalainen and Salovaara 1988). This preliminary study
examined some effects of S. nodorum infection on durum wheat cultivars grown in an experimental field in Italy. Cur-
rently, we are in the second year of field tests, which will allow us to optimize the experimental conditions with a better
assessment of the effect of the same pathogen on durum wheat quality.

Acknowledegment. The authors thank Dr. M.G. D'Egidio for his helpful suggestions.
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KOKSHETAU STATE UNIVERSITY AFTER SH. UALIKHANOV
Abay, 76. Kokshetau 020000, Kazakhstan.

Effect of arsenic on leaf area and content of photosynthetic pigments in plants of the cultivar Omsk—
17.

A.S. Kurmanbaeva and N.M. Safronova.

Photosynthetic organisms are highly adaptable to changing environmental conditions because of regulation of the rate of
photosynthesis at the genetic, metabolic, anatomic, morphologic, and physiologic levels. All levels of regulation have
been intensively studied, however, some aspects of photosynthetic regulation in conditions of heavy metal substrate
contamination are poorly understood. We studied the effect of different doses of arsenic on the content of photosynthetic
pigments and leaf area unit.

Wheat seeds were sterilized a 16% solution of hydrogen peroxide and germinated in Petri dishes on filter paper
moistened with a solution of sodium arsenite at concentrations 12.5 and 25 mg/L. In the control, the filter paper was
wetted with distilled water. Leaf area of the wheat seedlings was determined by the linear dimensions of the first leaf
(Shcherbina et al. 1985). The content of photosynthetic pigments was determined in the alcoholic extract (Gusev 1982).

Arsenic has a strong effect on leaf surface area. With increasing concentrations of arsenic, the leaf area of
14-day-old seedlings decreased. At 12.5 mg/L, the area of the first leaf was 15% less than that of the control. Increased
arsenic concentrations up to 25 mg/L even more significantly effected the formation of the leaf area; decreasing 31%
compared to the control.

Chlorophyll determination in the shoots of 14- Pigment cantert, mafy

day wheat seedlings of Omsk-17 shows that an arsenic 14

concentration of 12.5 mg/L insignificantly decreases the 12

amount of chlorophyll (6%) (Fig. 1). At a concentra- 1

tion of 25 mg/L, significant changes are observed. The 08

chlorophyll content decreased by 54% compared with 05 -

that of the control. The amount of chlorophyll a in the

test samples varied depending on the metal concentra- 041 -

tion. When the concentration of arsenic is 12.5 mg/L 0.2 1

there was a slight decrease of 15%. A concentration of o —
25 mg/L caused a sharp increase in the chlorophyll con- chieropty, 2 chiaraniml. 2 SRUARal.
tent of the wheat seedlings, almost seven-fold increase ||;, cortral W AST2Smn W AS 25man

compared with that of the control. Similar results were
obtained under the action of elevated concentrations of
chromium in algae (Ermazarova 2006).

Fig. 1. Pigment content (mg/g) of chlorophyll and
carotinoids in leaves of wheat seedlings exposed to arsenic
levels of 12.5 and 25 mg/L. The control plants were grown
in distilled water.

Carotenoid content varied similar to those of
chlorophyll. When the concentration of arsenic was
12.5 mg/L, pigments decreased by 7.5%; a concentration of 25 mg/L increased by 3 times. The high concentration of
arsenic in the environment, in general, increased the chlorophyll content in leaves of wheat seedlings. Obviously, we can
conclude that this is one of the ways plants adapt to extreme environmental factors. As the stress begins to increase, the
carotenoids, which also serve as collectors of energy, transfer it to chlorophyll a. Carotenoids protect cells from singlet
formation of active oxygen, which has a devastating effect on the organic compounds directly related to cells and chloro-

phyll.

Perhaps, the long phytotoxic action of arsenic in the plant cell causes a chemical transformation, leading to the
formation of oxygen radicals, and an increase in the number of carotenoids is a adaptive response of plants. Changes in
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the ratio of photosynthetic pigments in arsenic may be considered an adaptive response of the assimilation apparatus of
the wheat seedlings to excess of it in the solution. Thus, arsenic leads to changes in the photosynthetic pigment content
resulting in a reduction of chlorophyll a and increased levels of auxiliary chlorophyll and carotenoid pigments.
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ITEMS FROM KENYA

CIMMYT
Nairobi, Kenya

Stem rust resistance screening facilities in Kenya.
Sridhar Bhavani.

National Performance Trials of high-yielding elite lines carrying stem rust resistance and new cultivars in the
pipeline. Three lines, selected from the CIMMY T—Kenya shuttle breeding program, were promoted to the National
Performance Trials and tested at seven diverse agroecological sites (Njoro, Eldoret, Naivasha, Narok, Rongai, Kitale, and
Lanet) distributed over the predominant wheat-growing areas of Kenya. The trials were conducted under the guidelines
of the Kenya Plant Health Inspectorate Service, who is the authorized body for national variety testing and release. The
2008-09 data showed that of the three lines, two CIMMYT lines outperformed the check cultivars at a majority of the
sites in terms of yield and resistance (Table 1). These lines carry a combination of seedling and APR genes. In addition,
these lines were found to be early maturing and produced high-quality grain. The two cultivars, Kenya Robin and Kenya
Eagle10, are currently under large-scale multiplication.

Table 1. CIMMYT lines outperforming the check cultivars in the National Performance Trials in Kenya, 2008—-09.
Level of
Cultivar Parentage resistance Amount of seed for multiplication
Kenya Robin BABAX/LR42//BABAX*2/3/TUKURU 10MR 20 tons
Kenya Eagle 10 | EMB 16/CBRD//CBRD 10MR 20 tons

Evaluation of wheat materials received from different countries against stem rust (Ug99) in Kenya
during 2010.

The 2010 off-season screening nurseries accommodated more than 18,000 entries from 16 countries/institutes (Argen-
tina, Australia, Bangladesh, Egypt, France, India, Kazakhstan, Kenya, Pakistan, PR China, South Africa, Tajikistan,
Uruguay, the USA, CIMMYT, and ICARDA). Disease development was very good, but a disturbed the soil profile,
probably because of land leveling, caused problems in germination and plant development in some areas.

The 2010 main season nursery accommodated over 27,000 entries of which 5,000 entries were winter materials
and 3,000 were barley accessions. Samples were sent from 19 countries and institutions (Afghanistan, Australia, Bang-
ladesh, Canada, Ethiopia, India, Iran, Iraq, Israel, Kazakhstan, Kenya, Nepal, Pakistan, PR China, South Africa, Turkey,
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the USA, and segregating populations from CIMMYT and ICARDA). The 2010 main season was the best in terms of
crop growth, management practices, and disease pressure for screening.

For both seasons, communications/logistics were established with relevant scientists/originators for scoring
their material and assistance was provided to collaborating countries for collecting data. Data was recorded, document-
ed, and exchanged timely with the respective collaborators.

Field management strategies and developments at the Kenyan Agricultural Research Institute, Njoro.

Land management. Screening international nurseries was carried out over the last two years had some serious setbacks
on leveling and soil fertility. For the nurseries, 14 ha of land, with varying topography and soil profile/maintenance, is
used with a land rotation practice of 3 ha each season. The land was split into 10 leveled terraces at a 1.5% slope after
developing contour topographical maps to maximize the full potential of the facilities by improving irrigation, germina-
tion, and plant growth. The field layout was designed to avoid border effects with deficiencies, and the field was divided
in to smaller subplots to accommodate the nurseries

Improving soil fertility. Plot leveling, even though a good practice, damaged by disturbing the top fertile layers (the
soil was not deep enough) and led to copper deficiency that resulted in sterility and stunted growth in some areas of the
offseason nurseries in 2009. A comprehensive soil analysis was performed to identify and rectify soil deficiencies. An
application of lime at 5t/ha and copper-oxychloride at 3 ppm, and cover crop of peas and beans, was advocated in the
main season 2010.

Irrigation facilities. Over the years, one persistent problem for screening was irrigation, especially during the oft-
season, and the irrigation system of the KARI could not meet the demand for the field activities. The entire area now is
equipped with a dual-drip and sprinkler irrigation system. A borehole submersible pump dedicated only to this facil-
ity was established. A reservoir tank of 1,000 cubes is under construction to store water pumped from underground for
periodic drip irrigation during both seasons. After construction and implementation of the reservoir, KARI will have a
well-developed irrigation system adequate for 12 ha.

Outcome. These changes had a tremendous impact on the 2010 main season crop growth and establishment. Drips
served the purpose in the first week of crop establishment, however plenty of rain ensured good growth and the build up
of disease for screening. Several improved practices, such as leveling, drips, soil amendments, and crop rotation, defi-
nitely showed a significant impact on main season nursery in 2010

Green house operations. At this stage, the greenhouse is functional. An investment was made to renovate, however
additional funds would be needed to keep it operational to meet the demand of several collaborators expressing interest
in screening their materials for major genes in the greenhouse. Protocols for in-house screening against Ug99 have been
optimized. Close to 1,500 lines have been screened so far, including mapping populations developed at CIMMYT and
the Plant Breeding Institute, Sydney, Australia.

Pathogen surveys and race identification. Stem rust. Apart from the known virulence within the Ug99 lineage (Sr31,
Sr24, and Sr36 virulent races) no new race(s) have been detected. The predominant race is Ug99+Sr24 virulence, which
is used for screening activities. Isolates collected during surveys are collected and sent to Minnesota for further charac-
terization.

Strip rust. The main season of 2010 experienced a fair amount of natural stripe rust infestation. Samples were sent to
Denmark. Mogens report from Denmark suggests that the Kenyan race is unique with virulence to Yr27. This aggres-
sive strain has evolved and has acquired virulence for Yr/, which needs further confirmation by DNA fingerprinting.
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ITEMS FROM MEXICO

CIMMYT — INTERNATIONAL MAIZE AND WHEAT IMPROVEMENT CENTER
Molecular Wheat Breeding, El Batan, Mexico.

Susanne Dreisigacker.

Marker-assisted selection in the CIMMYT wheat breeding programs.

Marker-assisted selection (MAS) summary 2010. The number of data points produced to assist phenotypic selection
with molecular markers in the CIMMYT wheat breeding programs remained constant in 2010 compared to previous
years. During the selection cycles in Cd. Obregon and Toluca, about 28,000 and 18,000 DNA extractions, along with
49,700 and 39,000 marker data points, respectively, were provided. Thus, a total of about 46,000 DNA extractions and
88,700 marker data points were performed in the laboratories in El Batan and Cd. Obregon in 2010. Molecular mark-
ers were applied across all breeding programs. In the programs targeted to rain-fed and irrigated environments and the
durum wheat and wide crosses program, parental lines to be used for crosses were initially characterized. Markers were
subsequently used for allele enrichment in the top cross and F, generations in the program targeted to rain-fed environ-
ments and durum wheat program during selection. Marker or gene presence was confirmed in the F, to F, and advanced
backcross generations. In the winter wheat program, the 18th FAWWON and various selected sets of germ plasm, e.g., a
historical set of winter wheat cultivars, were screened with a subset of markers.

The markers applied in the wheat programs during 2010 are listed in Table 1. Markers linked to rust resistance
genes were most frequently used in bread and durum wheat. The amplification of the markers commonly revealed the

Table 1. Markers applied for marker-assisted selection in the bread and durum wheat programs in 2010 at CIMMYT—
Mexico.

Gene Reference Data points Gene Reference Data points
Bread wheat Durum wheat
T1A-1IR/T1B-1R | Weng et al. 2007 12,050 Lr19/Sr25 | Zhang et al. 2008 9,059
Lr19/Sr25 William,lper.sonal 8318 Lrlda Herrera-Foessil et al. 7,009
communication 2008
Sr26 Liu et al. 2010 3,964 Lr47 Dubcovsky et al. 1998 5,249
Rhtl, Rht2 Ellis et al. 2002 3,720 Sr22 Khan et al. 2005 2,905
Crel Ogbonnaya et al. 2001 3,547 Crel Ogbonnaya et al. 2001 1,239

Anderson et al. 2001,

Sr2 Spiclmayr et al. 2010 3,179 GPC-BI Distelfeld et al. 2006 974
Vin-Al, Fu et al. 2005,
Virn-Al Yan et al. 2004 1,772 Vin-Bl Yan et al. 2004 704
Ppd-DI Beales et al. 2007 1,472 VPM Helguera et al 2003 700
Fu et al. 2005, .

Vin-B1, Vin-D1 Yan et al. 2004 1,472 Fhbl Liu et al. 2008 500

Lr34 Lagudabh et al. 2009 1,472 Ppd-Al Bentley et al. 2010 176

Sr24 Mago et al. 2005 1297 Bol Schnurbusch et al. 171
2007
Wellings, personal

VPM Helguera et al. 2003 1,297 Lr53 D 172
communication

. Mather, personal com-

Cre3 Martin et al. 2004 1,032 Rinl . 81
munication

Sr36 Tsilo et al. 2007 1,032

Sr22 Khan et al. 2005 1,032

Ppd-Al Bentley et al. 2010 265

SrCad Hiebert et al. 2010 89
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expected results, with some exceptions. Similar to previous years, the marker for Cre/ showed segregation distortion

in various populations. Less individuals than expected were observed containing the tolerance allele for Crel. The
comparison of marker data for Crel and phenotypic screening in Turkey furthermore indicated that Crel might not be
effective in some Middle East and South Asian countries, which has to be confirmed in subsequent screenings in 2011.
When characterizing parental materials, we noticed that the marker for VPM amplified in various synthetic derivatives,
which are not expected to have the Ae. ventricosa fragment.

New markers — optimization and validation. New markers tested were linked to the genes Ppd-Al, SrCad, Sr26, Sr2,
Lr47 (co-dominant marker), and H25. For the first time, the marker diagnostic for Ppd-Al in durum wheat was tested in
germ plasm targeted to rain-fed environments. The Ppd-Al allele G105 from durum wheat was confirmed to be present
in the CIMMYT germ plasm, introduced via a synthetic hexaploid wheat and its derivatives. The stem rust resistance
gene SrCad was confirmed in the Canadian sources AC Cadillac, AC Taber, and AC Vista. The gene was not present in a
set of CIMMYT germ plasm tested to date. The new CAPS marker for Sr2 (Spielmayr et al. 2010) was evaluated in the
Ist Stem Rust Screening Nursery and germ plasm targeted to irrigated environments. The marker confirmed the presence
of the gene in CIMMYT lines, however with exceptions. Examples are the cultivar Siete Cerros, released in 1966, and
the Pastor, which were expected to carry Sr2 but lacked the characteristic SNP detected in Hope. The cultivar Thatcher
is not known to carry Sr2 but amplified the corresponding allele with the CAPS marker. Thus, the marker does coincide
with the presumed Sr2 genotype in various, but not all, cases.

The marker linked to H25 was used to validate the source of the gene and a set of parents that will be used for
crosses in durum wheat. The only marker that could not be successfully optimized is the co-dominant marker for Lr47.
Amplification was not able to clearly distinguish between lines carrying the genes and heterozygotes. Markers success-
fully tested will be further validated and subsequently used in the wheat breeding programs.

SNP development.

Gene polymorphisms based on SNP or indels (insertion/delitions) have been T;,lble 2. Val@ated SNP markers

converted to ‘KASPar’ SNP assays, a platform provided by the company KBio- with a set of lines knowp to carry

science (http://www .kbioscience.co.uk) in order to move the marker technology or not carry the gene of interest.

at the Batan laboratories from slab gels to a higher throughput platform. SNP Gene SNP ID

assays designed and validated on a larger set of CIMMYT germ plasm are given | Lr34 Lr34_TCCIND

(Table 2). Primers required for the SNP assay were designed on the basis of Glu-D1 Glu-D1d_SNP

available sequence information of the respective genes. Validation was per- GPC-BI GPC-B1_DUP

formed with a set of lines known to carry or not carry the genes. SNP assays Cre8 Cre8_SNP

are to be used for MAS via outsourcing up to 5,000 samples to KBioscience. Rht-Bl Susan RhtB1 SNP

Outsourcing is expected to increase in 2011. Rhi-D1 Susan RhtD1 SNP
Rinl (DW) |RInnl_SNP/1

During the validation of the SNP assays in Batan, a

numper of advantages of the SNP assays in comparison of the . Table 3. SNP markers under development and
previously used markers were observed. The SNP assays provided i .
. . validation at CIMMYT-Mexico.

marker data three times faster and, based on initial cost analyses, G SNPID

at least two times more cost efficient and under the current condi- cne

tions of the Batan laboratories. The amplification of the SNPs was Fhbl Fhbl_UMNI10_IND

simpler and more robust. A unique PCR program was used across VPM VPM_SNP

all assays, and amplification was more stable with less missing data | Rln/ Rinnl_SNP2

or weak amplifications. The assays required similar to SSR or STS Rinl Rinnl_SNP3

markers, only standard DNA quality and reactions permitted vary- Glu-Al Glu-Ax1/x2*_SNP

ing DNA quantity across samples so that no DNA adjustments were | Gly-A] Glu-Ax2*_IND

required. The design of SNP assays for an additional set of genes Glu-B1 Glu-Bx17_IND

was initiated during 2010 (Table 3) and will be validated in 2011. Glu-Bl Glu-By8_SNP

The design of some SNP assays failed (VPM, PinA, PinB), gj"'i é TE gi“'i?—mg TSP

mainly due to the amplification of primers in one of the nontargeted u-Asato Glu- g u-Asato Glu _g—

homologous genomes. The assay development will be repeated for Glu-B3a to Glu-B3i_| Glu-B3a to GluB3i_SNP

those genes. Sr36 STM773-2_IND
Lri19/Sr25 WMC221_IND
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General Wheat Pathology, El Batan, Mexico.

Etienne Duveiller, Pawan K. Singh, and Norbert Schlang.

Greenhouse evaluation of germ plasm for reaction to tan spot and Stagonospora nodorum blotch.

Wide-crosses material. Successful evaluation of 86 entries (including four checks) for tan spot was possible and 38 en-
tries were resistant and 48 were susceptible. For Stagonospora nodorum blotch, 84 entries (including four checks) were
evaluated of which 25 were resistant and 59 were observed to be susceptible. There were nine entries giving resistant
reactions to both diseases (Table 4, continued on p. 47).

Table 4. Disease reaction of the most promising breeding lines of the Wide-Crosses and Durum Programs to tan spot
(TS) and Stagonospora nodorum blotch (SNB) under greenhouse tests.

GID | Cross/name | TS | SNB
Resistant Wide-Crosses Lines
6002836 | GAN/Ae. tauschii (408)//2*BERKUT 1.83 1.83
6123554 | GAN/Ae. tauschii (897)//OPATA/3/BERKUT 1.92 1.69
6123557 | GAN/Ae. tauschii (897)//OPATA/3/BERKUT 1.92 1.96
6123505 | YAV_3/SCO//JO69/CRA/3/YAV79/4/Ae. tauschii (498)/5/0PATA/6/PASTOR 1.71 1.99
6123562 | GAN/Ae. tauschii (897)//Opata/3/BERKUT 1.25 1.50
6123563 | GAN/Ae. tauschii (897)//Opata/3/BERKUT 1.38 1.50
6123569 | YAV_3/SCO//JO69/CRA/3/YAV79/4/Ae. tauschii (498)/5/2*OPATA 1.75 1.37
5929330 | GAN/Ae. tauschii (236)//CETA/Ae. tauschii (895)/3/MAIZ/4/2*INQALAB 91 1.25 1.50
5929356 | GAN/Ae. tauschii (236)//CETA/Ae. tauschii (895)/3/MAIZ/4/2*INQALAB 91 1.50 1.34
Resistant Durum Lines
3829630 | Svevo 1.85 1.53
5081890 | Meridiano 1.72 1.33
5532383 | SOOTY_9/RASCON_37//LLARETA INIA 1.72 1.57
5081011 1A.1D 5+10-6/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1 1.68 1.40
5545239 | GUAYACAN INIA/POMA_2//SNITAN/4/D86135/ACO89//PORRON_4/3/SNITAN 1.77 1.71

CMHS83.2578/4/D88059//WARD/YAV79/3/AC0O89/5/2*SOOTY _9/
5546969 | RASCON_37/6/1A.1D 5+10-6/3*MOJO/3/AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)// | 1.97 1.90
PLATA_13

5541716 | SILK_3/DIPPER_6/3/ACO89/DUKEM_4//5*ACO89/4/PLATA_7/ILBOR_1//SOMAT 3| 1.88 | 1.79

BCRIS/BICUM//LLARETA INIA/3/DUKEM_12/2*RASCON_21/4/1A.1D

S828212 5+10-6/2*WB881//1A.1D 5+10-6/3*MOJO/3/BISU_1/PATKA_3 1.83 1.94

5878385 NUS/SULA//5*NUS/4/SULA/RBCE_2/3/HUI//CIT71/CII*2/5/ARMENT//SRN_3/NI- 188 | 183
GRIS_4/3/CANELO_9.1
PLATA_10/6/MQUE/4/USDAS573//QFN/AA_7/3/ALBAD/5/AVO/HUI/7/PLATA_13/8/

5828419 RAFI97/9/MALMUK_1/SERRATOR_1/10/ARMENT//SRN_3/NIGRIS_4/3/CANE- 175 1,50

LO_9.1/11/SHAG_21/DIPPER_2//PATA_2/6/ARAM_7//CREX/ALLA/S/ENTE/
MEXI_2//HUI/4/YAV_1/3/LD357E/2*TC60//JO69

5807254 LLARETA INIA/4/SKEST//HUI/TUB/3/SILVER/5/LHNKE/RASCON//CONA-D/6/ 142 | 167
GREEN_32/CHEN_7//SILVER_14/3/DIPPER_2/BUSHEN_3/4/SNITAN ) )

STOT//ALTAR84/ALD/3/THB/CEP7780//2*MUSK_4/6/ECO/CMH76A.722//BIT/3/
5828254 | ALTARS84/4/AJATA_2/5/KJIOVE_1/7/RASCON_37/2*TARRO_2/4/ROK/FGO//STIL/3/ | 1.93 1.63
BISU_1/5/MALMUK_1/SERRATOR _1

ALBIA_1/ALTARS84//YAZI_1/4/CREX//BOY/YAV_1/3/PLATA_6/5/SOMAT_4/IN-

S828341 | TER 8/6/LIRO_2/CANELO_9

152 | 153

ALTARS84/BINTEPES5/3/STOT//ALTAR84/ALD/4/POD_11/YAZI_1/5/

S828439 | ANRRIKSE._12/SNITAN/6/SOOTY_9/RASCON_37//WODUCK/CHAM 3

1.83 1.92
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Table 4. Disease reaction of the most promising breeding lines of the Wide-Crosses and Durum Programs to tan spot
(TS) and Stagonospora nodorum blotch (SNB) under greenhouse tests.

GID Cross/name TS SNB
SOMAT_4/INTER_8/4/GODRIN/GUTROS//DUKEM/3/THKNEE_11/5/1A.1D5+10-
6004713 | 6/2*WB881//1A.1D 5+10-6/3*MOJO/3/BISU_1/PATKA_3/4/GODRIN/GUTROS// 1.75 1.72

DUKEM/3/THKNEE 11

ODIN_15/WITNEK _1/ISLOM_1/5/TARRO_1/TISOMA_2//TARRO_1/3/COMB-
DUCK_2/ALAS//4*COMB DUCK_2/4/SHAG_9/BUTO_17/6/VANRRIKSE_6.2//1A-
1D 2+12-5/3*WB881/5/TARRO_1/TISOMA_2//TARRO_1/3/COMBDUCK_2/
ALAS//4*COMBDUCK_2/4/SHAG_9/BUTO_17

6004721 144 | 164

SWAHEN_2/KIRKI_8//PROZANA_1/4/ADAMAR_15//ALBIA_1/ALTAR 84/3/
6005034 SNITAN/11/GUAYACANINIA/GUANAY/10/LD357E/2*TC60//J069/3/FGO/4/GTA/5/ 162 | 173
SRN_1/6/TOTUS/7/ENTE/MEXI_2//HUI/4/YAV 1/3/LD357E/2*TC60//J069/8/SOM- ’ '

BRA20/9/JUPAREC 2001

MOHAWK/5/AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)//PLATA_13/3/SOMAT_3/4/

6004804 SOOTY_9/RASCON_37

1.90 | 1.50

SNITAN/5/AJATA_12/F3LOCAL(SEL.ETHIO.135.85)//PLATA_13/3/SOMAT_3/4/

339135 | S00TY_9/RASCON_37/6/SNITAN

142 | 199

TOPDY_18/FOCHA_1//ALTARS84/3/AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)//
5550695 | PLATA_13/4/SOMAT_3/GREEN_22/5/VRKS_3/3/AJATIA_12/F3LOCAL(SEL. 176 | 1.90
ETHIO.135.85)//PLATA_13

USDA595/3/D67.3/RABI//CRA/4/ALO/5/HUI/YAV 1/6/ARDENTE/7/HUI/YAV79/8/
6004507 | POD9/9/ADAMAR_15//ALBIA_1/ALTAR84/3/SNITAN/10/MINIMUS_6/PLATA_16// | 1.92 | 194
IMMER/3/SOOTY_9/RASCON_37

ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1/4/TOSKA_26/RASCON_37//

6004540 SNITAN/5/PLAYERO

142 | 185

Durum material. A total of 104 entries (including four checks) were screened for tan spot and 31 entries were resist-
ant and 73 were susceptible. For Stagonospora nodorum blotch, a higher proportion of resistance was observed with 63
entries showing resistant reaction and 41 entries susceptible. A total of 22 entries had resistant reactions to both diseases
(Table 4, continued on p. 46). Some of the parents of the mapping populations gave differential reaction, so genetic
analysis of tan spot and Stagonospora nodorum blotch resistance in these populations will be attempted.

Evaluation of germ plasm for reaction to spot blotch.

A total of 1,380 genotypes from the Bread Wheat Irrigated (EPCBWIR09-10, entries = 540), Bread Wheat Rainfed
(C29SAWSN, entries = 382), Durum (D10PR-SETHLB, entries = 100), Nepal Program (HLB Resistance Stocks, entries
= 100), and 1** CSISA Spot Blotch Trial (entries = 258) were evaluated for reaction to spot blotch under field conditions
at Agua Fria. Additionally, inoculum was provided to the Wide Crosses Program to facilitate their efforts in developing
spot blotch resistant germ plasm.

Bread Wheat Irrigated Trial. Spot blotch development in the nursery was good and consistent throughout the nursery.
Twenty lines were early of which 19 entries were the checks Sonalika (18) and CIANO T 79 (1) and the breeding line
‘Fret2*2 / Kukuna*2 / SNLG’ (GID: 5993859) that had heading less than 63 days. Normal heading was found in 278
entries and 242 lines had late maturity. The AUDPC scores of this nursery ranged from 302.47 to 1,408.64 with a mean
score of 632.38. Based on the selection criteria’s from the EPCBWIR nursery, 190 breeding lines have been selected to
be evaluated in 2011 in replicated trials. The ten most promising lines are given in the Table 5 (p. 48-49).

Bread Wheat Rainfed Trial. The check Sonalika (seven entries) was only early maturing and had heading less than
63 days. Normal heading was found in 280 entries and 95 lines had late maturity. The AUDPC scores of this nursery
ranged from 388.89 to 1,330.86 with a mean score of 623.13. Based on the selection criteria’s from the C29SAWSN
nursery, 105 breeding lines have been selected to be evaluated in 2011 in replicated trials. The ten most promising lines
from this nursery are given in the Table 5 (pp. 48-49).
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Table 5. Disease reaction of the ten most promising breeding lines of different nurseries evaluated for spot blotch
resistance at Agua Frias, Mexico, in 2010.

GID | Cross/name | AUPDC score

Resistant Bread Wheat Irrigated (EPCBWIR(9-10) lines.

5996123 | SHA7/VEE#5//ARIV92/3/PBW343*2/KUKUNA 302.47

5996302 | YUNMAI 48/4/2*SERI.1B*2/3/KAUZ*2/BOW//KAUZ 362.96

5849285 | TILHI/SOKOLL 371.60

5996303 | YUNMAI 48/4/2*SERI.1B*2/3/KAUZ*2/BOW//KAUZ 388.89

5994383 | PBW343*2/KHVAKI//PARUS/3/PBW343/PASTOR 388.89

5096554 ;iW343/PASTOR/4/YAR/Ae. tauschii (783)//MILAN/3/BAV92/5/PBW343#2/KUKU- 406.17
SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/CROC1/Ae. tauschii (205)//

3995752 KAUZ/3/2*KAUZ*2/YACO//KAUZ 406.17

5996837 | FRET2/KUKUNA//FRET2/3/YANAC/4/FRET2/KIRITATI 406.17

5996681 | NSM*4/14-2/5/2*FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//KAUZ 41481

5096430 ALTARS84/AE.SQ//OPATA/3/2*WH542/7/VEE#8//JUP/BIY/3/F3.71/TRM/4/BCN/5/ 414 81
KAUZ/6/MILAN/KAUZ/8/ATTILA*2/PBW65

Resistant Bread Wheat Rainfed (C29SAWSN) lines.

6000943 | SW89-5124*2/FASAN//2*UP262 388.89

6001233 | BAV92/SERI 388.89

6001232 | BAV92/SERI 401.85

5999827 | VORB/4/CROC_1/Ae. tauschii (205)//BORLI5/3/KENNEDY 406.17

5999832 | VORB/4/CROC_1/Ae. tauschii (205)//BORL95/3/KENNEDY 406.17

6000906 | SOKOLL*2/TROST 406.17

6000909 | SOKOLL*2/TROST 406.17

6001064 | SOKOLL/TRCH 406.17

6001175 | SOKOLL//FRTL/2*PIFED 406.17

5999831 | VORB/4/CROC_1/Ae. tauschii (205)//BORL95/3/KENNEDY 414 .81

Resistant durum (D10PR-SETHLB) lines.
STOT//ALTAR84/ALD/3/THB/CEP7780//2*MUSK_4/6/ECO/CMH76A.722//BIT/3/

5828254 | ALTARS84/4/ATAIA_2/5/KIOVE_1/7/RASCON_37/2*TARRO_2/4/ROK/FGO//STIL/3/ 388.89
BISU_1/5/MALMUKI1/SERRATOR1
ALTAR84/CMHS82A.1062//ALTAR84/3/DIPPER/RISSA//ALTAR84/AOS/4/AR-

6005064 | MENT//SRN_3/NIGRIS_4/3/CANELO_9.1/5/MINIMUS/COMBDUCK _2// 425.62
CHAM_3/3/RCOL/4/YAZI_1/AKAKI_4//SOMAT_3/3/AUK/GUIL//GREEN

5081011 | 1A.1D 5+10-6/3*MOJO//RCOL/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1 427.78

6004809 | MOHAWK/4/DUKEM_1//PATKA_7/YAZI_1/3/PATKA_7/YAZI_1 427.78

5548129 | CAMAYO/GUANAY/4/ARMENT//SRN_3/NIGRIS_4/3/CANELO_9.1 432.10
LD357E/2*TC60//J069/3/FGO/4/GTA/5/SRN_1/6/TOTUS/7/ENTE/MEXI_2//HUI1/4/

5828350 | YAV_1/3/LD357E/2*TC60//J069/8/SOMBRA_20/9/JUPAREC2001/10/SOMAT_3/ 432.10
PHAX_1//TILO_1/LOTUS_4/11/SOOTY_9/RASCON_37//WODUCK/CHAM_3

6004804 MOHAWK/5/AJAIA_12/F3LOCAL(SEL.ETHIO.135.85)//PLATA_13/3/SOMAT_3/4/ 432,10
SOOTY_9/RASCON_37
RASCON_37/GREEN_2/9/USDAS595/3/D67.3/RABI//CRA/4/ALO/5/HUI/YAV_1/6/

6004488 | ARDENTE/7/HUI/YAV79/8/POD_9 434.26

5512003 | AG 1-23/2* ACONCHI//2*UC1113 43426
TADIZ/9/USDA595/3/D67.3/RABI//CRA/4/ALO/5/HUI/YAV_1/6/ARDENTE/7/HUI/

5543994 | YAV79/8/POD_9 436.42

Resistant 1 CSISA Spot Blotch Trial (CSISA) lines.

911521 CHIRYA.3 30391

5793174 | TILHI/4/CROC_1/Ae. tauschii (213)//PGO/3/CMH81.38/2*KAUZ 309.67

5793393 | CROC_1/Ae. tauschii (205)//KAUZ/3/SASIA/4/TROST 337.04
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Table 5. Disease reaction of the ten most promising breeding lines of different nurseries evaluated for spot blotch
resistance at Agua Frias, Mexico, in 2010.

GID Cross/name AUPDC score
5792804 | SERI.1B*2/3/KAUZ*2/BOW//KAUZ*2/4/KRONSTAD F2004 341.36
5793392 | CROC_1/Ae. tauschii (205)//KAUZ/3/SASIA/4/TROST 345.68
5792823 | PBW343*2/KUKUNA//KRONSTAD F2004/3/PBW343*2/KUKUNA 348.56

SERI.1B*2/3/KAUZ*2/BOW//KAUZ*2/5/CNO79//PF70354/MUS/3/PASTOR/4/
5792874 | BAV92 350.00
5793111 | TILHI/PALMERIN F2004 352.88
5793110 | TILHI/PALMERIN F2004 355.76
5793395 | CROC_1/Ae. tauschii (205)//KAUZ/3/SASIA/4/TROST 360.08

1t CSISA Spot Blotch Trial. This nursery consisted of 258 entries replicated four times of which three were inoculated
with pathogen and the fourth replicate was protected by multiple application of fungicide Opus (epoxiconazole). Spot
blotch development in the nursery was good and consistent throughout the nursery. The check Sonalika (three entries)
was only early maturing and had heading less than 63 days. Normal heading was noted in 86 entries and 169 lines had
late maturity. The AUDPC scores of this nursery ranged from 204.53 to 1,271.81 with a mean score of 520.46. In this
nursery, the resistant check Chirya had a mean score of 278.34 and the susceptible check Sonalika had the score of
1,231.00. There was negative correlation (—0.56) between spot blotch AUPDC scores and days-to-heading. Based on
the rigorous selection criteria from the CSISA nursery. 50 breeding lines have been selected to be send across different
location worldwide and evaluated in 2012. Presently, the selected lines are being increased at Mexicali to be forming the
2" CSISA Spot Blotch Nursery. The most promising ten lines from this nursery are given in Table 5 (pp. 48-49).

Septoria tritici blotch research.

Field screening of germ plasm for resistance to Septoria tritici blotch. A total of 243 genotypes from the Bread
Wheat-Irrigated (BWIR: 115 entries) and the Bread Wheat Rainfed (BWR: 128 entries) Program were evaluated for
reaction to Septoria tritici blotch at two locations, Toluca and Boximo. At each location there was a randomized block
design with two replicates. The disease assessment utilized a double-digit scale and multiple evaluations were conduct-
ed, which were later used to develop AUPDC score.

The development of Septoria tritici blotch at both the locations was similar. For the BWIR nursery, the range of Septoria
tritici blotch AUDPC scores (mean of all reps/location) was between 201.81 and 993.43 with a mean score of 397.97.
From this nursery, 50 lines were selected based on AUDPC scores and pedigree information, which may be part of the
ISEPTON nursery. The most promising genotypes identified from this nursery are listed in Table 6 (p. 50). For the
BWR nursery, the range of Septoria tritici blotch AUDPC scores (mean of all reps/location) was between 168.52 and
358.64 with a mean score of 291.13. From this nursery, 40 lines were selected that may be part of the ISEPTON nursery.
The most promising genotypes identified from this nursery are listed in Table 6 (p. 50).

20" International Septoria Observation Nursery. The 20" International Septoria Observation Nursery (20" ISEP-
TON) comprised of 53 entries of genetically diverse genotypes was distributed to Ethiopia, Iran, Mexico, Morrocco,
Syria, Tunisia, and Uruguay (20 sets). The genotypes were selected based on low Sepftoria tritici blotch scores and avail-
ability of seed.

Greenhouse screening protocol for Septoria tritici blotch. Two experiments were conducted to develop protocols for
induction of Septoria tritici blotch under greenhouse conditions. Each experiment was conducted as a randomized block
design with two replicates. Each replicate consisted of five genotypes with known reaction to Septoria tritici blotch (Ta-
ble 7, p. 50). The experimental unit consisted of five plants/entry that were planted in big pots. The planting was done
on 24 August.

Inoculation for the first experiment was on 8 October. Inoculum was made from isolate P8. Spore inoculum
from isolate P8 was made by culturing the fungus on medium of agar, malt, and levadura (4 g extract of levadura, 4 g
extract of malt, 4 g sacarosa, 15 g agar, and 1,000 mL distilled water). The prepared medium with isolate P8 was left for
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Table 6. Disease reaction of the ten most promising breeding lines from Bread Wheat-Irrigated (BWIR) and the Bread
Wheat Rainfed (BWR) Programs to Septoria tritici blotch under field tests at Boximo and Toluca, Mexico.
GID | Genotype | AUPDC score
Resistant BWIR lines.
5849246 | CHEN/Ae. tauschii (TAUS)//BCN/3/BAV92/4/INQALAB 91*2/KUKUNA 201.81
5995732 | WBLL1*2/VIVITSI/4/D67.2/P66.270//Ae. tauschii (320)/3/CUNNINGHAM 217.17
5006488 BABAX/LR43//BABAX/6/MOR/VEE#5//DUCULA/3/DUCULA/4/MILAN/5/BAU/ 21781
MILAN/7/SKAUZ/BAV92
5095748 SERI.1B*2/3/KAUZ*2/BOW//KAUZ/4/CROC_1/Ae. tauschii (205)// 218 45
KAUZ/3/2*KAUZ*2/YACO//KAUZ
5996074 | MILAN/PASTOR/3/C80.1/3*BATAVIA//2*WBLL1 224 .93
5996189 | THB/KEA//PF85487/3/DUCULA/4/WBLL1*2/TUKURU 244 .88
5995992 | CNDO/R143//ENTE/MEXI_2/3/Ae. tauschii (TAUS)/4/WEAVER/5/2*KAUZ/6/TIMBA 245.46
5996796 | UP2338/3/HE1/3*CNO79//2*SERI/4/RABE/2*MO88 257.58
5994285 | PBW343*2/KUKUNA*2//YANAC 264.26
5996195 | THB/KEA//PF85487/3/DUCULA/4/WBLL1*2/TUKURU 266.22
Resistant BWR lines.
5999769 | BABAX/LR42//BABAX/3/VORB 168.52
5999771 | BABAX/LR42//BABAX/3/VORB 172.84
5999774 | BABAX/LR42//BABAX/3/VORB 183.64
5999775 | BABAX/LR42//BABAX/3/VORB 183.64
5999807 | VORB/4/D67.2/P66.270//Ae. tauschii (320)/3/ CUNNINGHAM 199.85
5999926 | PROINTA SUPERIOR/4/R1L6043/4*NAC//PASTOR/3/BAV92/5/KLEIN SAGITARIO 207 .41
5999956 | POTCH 92/2*ROLFO07 209.57
5999957 | POTCH 92/2*ROLFO07 225.77
5999970 | POTCH 93/4/MILAN/KAUZ//PRINIA/3/BAV92/5/MILAN/KAUZ//PRINIA/3/BAV92 231.17
5099972 ACHTAR*3//KANZ/KS85-8-5/4/MILAN/KAUZ//PRINIA/3/BAV92/5/MILAN/KAUZ// 235 49
PRINIA/3/BAV92

3 days for incubation at room temperature (18-22°C). The spores were harvested and a spore suspension prepared at a
concentration of 107 conidia/mL. The plants were spray inoculated until run-off. Inoculated plants were left in a mist-
chamber for 48 hours with continuous misting. Subsequently, the humidifiers were turned off, plants were left to dry,
and then the plants were put in GH8 at a temperature of 18°C min and 28°C max. In the second experiment inoculation
was on 29 October with isolate ST2. The rest of the protocol was similar to that in the first experiment. Disease evalua-
tion was based on percentage of Septoria tritici blotch infection.

Murga, a known source of resistance gave no disease symptoms in both the experiments, whereas the other
lines with moderate to high susceptibility to Septoria tritici blotch gave disease symptoms as expected (Table 7). More
disease was observed in first experiment then the second experiment, indicating that plant age may play role in disease
development. Additionally, differences in the development of disease in the two experiments can be attributed to the two
isolates used and the greenhouse temperature; temperatures were a bit lower in the second experiment. However, we
were able to induce Septoria tritici blotch under greenhouse conditions for the first time at the Main Station. The chal-
lenge now lies in optimizing and further reducing the time taken in evaluating the disease in greenhouse conditions.

Table 7. Percent infection of Septoria tritici blotch on the five lines evaluated under greenhouse conditions at El Ba-
tan, Mexico, in 2010.
First experiment Second experiment
Line 1 November | 8 November | 16 November | 22 November

HPO/TAN/VEE/3/2*PGO/4/Milan/5/5Seri 1 20 50 10 40
SAAR//PBW343*2/Kukuna/3/PBW343*2/Kukuna 50 70 10 50
Kauz//Altar 84/Aus/3/Milan/Kauz/4/Avites 20 50 20 50
Catbird 40 50 10 40
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Fusarium head blight research.

High-throughput field screening operations at El Batan, Mexico. A total of 1.8 ha was planted at El Batan, Mexico,
in mid-May 2010 to screen wheat and barley material under artificial field inoculation for FHB. Plots were inoculated
with the help of precision CO, backpack sprayers equipped with a flat fan nozzle for liquid inoculum (50,000 conidia/
mL) at a pressure of 40 psi and a rate of 39 mL of inoculum/m. The inoculum was of a mixture of five different F.
graminearum isolates collected during the preceding year in naturally infected fields. Ten spikes/plot were tagged and
spray inoculated at anthesis. The inoculation is repeated 2 days later. A programmable misting system maintains a hu-
mid microclimate, which is favorable for the disease development.

For preliminary material screened for the first time, only the absolute number of infected spikelets/spike was
evaluated, and the average number of infected spikelets for all ten spikes calculated. For advanced material in replicated
trials in the second and third year of screening, the percent of infected spikelets/spike was evaluated by counting the
number of infected spikelets and the total number of spikelets for each spike. Subsequently, the FHB index was calcu-
lated using the following formula:

Severity
FHB index (%) =
Incidence
where severity = the average severity of all spikes that show infection (totally healthy spikes are not considered for cal-
culation of severity) and incidence = the percent of spikes that show infection.

The difference in evaluation methods between the preliminary and advanced material is due to the fact that the
number of preliminary materials is much higher than the number of advanced materials. Assessing FHB resistance for
the preliminary materials would be too labor- and time-intensive. On the other hand, a difference only between ‘resist-
ant’ and ‘susceptible’ for first year material proved not to be valuable, because it does not take into account that resist-
ance to FHB is a quantitative trait. The evaluation of the absolute number of infected spikelets/spike (regardless the total
number of spikelets) was found to be the middle ground between these two approaches.

In addition to the candidates and entries of the international nurseries and mapping populations, F.- and F -
derived head rows also were planted, which had been spaced planted in Obregén to select for agronomic type. This re-
search is a significant contribution of the Fusarium program in resistance breeding efforts for FHB and how the informa-
tion generated in former years aids the development of new promising lines.

Bread wheat lines for irrigated areas: Results of PCFusarium White and Red Grain Nursery. A total of 290
entries from the PCFusarium White Grain (1,076 entries) and PCFusarium Red Grain (246 entries) nurseries planted in
2009 were selected, assembled in the PCFusarium White and Red Grain Nursery (PCFusWGyRG), and tested again in
the summer of 2010 at El Batan in replicated trials. Entries with FHB indices below 11 % are shown in Table 8 (pp. 51-
54).

Interestingly, despite the normally lower levels of resistance for white-grained material, relatively high levels of
resistance in terms of disease symptoms (FHB index) and mycotoxin contamination were observed for these types in this
trial. This demonstrates that white-grained bread wheats with levels of resistance similar to that of red-grained materials
are available, which is a breakthrough in bread wheat breeding.

Table 8. White- (W) and red-grained (R) bread wheat genotypes for irrigated areas in the PC Fusarium White and Red
Grain Nursery tested for the 2™ year in the summer of 2010 and results of FHB index and DON contamination.
FHB
Grain | index | DON
CID GID Cross color | (%) | (ppm)
4965 10004 Sumai #3 (resistant check) 1.7 0.5
520956 | 6123270 | FN/2*mazar 99//GONDO/TNMU/3/FRANCOLIN #1 N 30 0.9
516901 | 6123192 | PBW343/mazar 99*2/3/WUH1/VEE#5//CBRD \ 3.6 23
PFAU/WEAVER*2//BRAMBLING/7/IVAN/6/SABUF/5/BCN/4/
516852 | 6122669 | RABI/GS/CRA/3/Ae. tauschii (190)/8/PFAU/WEAVER//BRAM- R 39 19
BLING
516093 | 6121931 | HPO/TAN//VEE/3/2*PGO/4/MILAN/5/SSERI1/6/GONDO \ 4.1 1.3
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Table 8. White- (W) and red-grained (R) bread wheat genotypes for irrigated areas in the PC Fusarium White and Red
Grain Nursery tested for the 2" year in the summer of 2010 and results of FHB index and DON contamination.
FHB
Grain | index | DON
CID GID Cross color | (%) | (ppm)
SHA3/CBRD//TNMU/5/KAUZ//ALTAR 84/A0S/3/MILAN/
520950 | 6123240 KAUZ/4/HUITES W 4.1 44
516901 | 6123199 | PBW343/mazar 99*2/3/WUH1/VEE#5//CBRD \% 4.4 2.0
516068 | 6123620 | CBRD/FILIN R 49 1.8
SHA3/CBRD//TNMU/5/KAUZ//ALTAR 84/A0S/3/MILAN/
520950 | 6123246 KAUZ/4/HUITES R 50 14
PBW343/mazar 99*2/6/TURACQO/5/CHIR3/4/SIREN//ALTAR 84/
516900 | 6123179 AE.SQUARROSA (205)/3/3*BUC v >0 2.3
120634 | 2589783 | Heilo (moderate resistant check) 54 1.7
CAL/NH//H567.71/3/SERI/4/CAL/NH//H567.71/5/2*KAUZ/6/ma-
516775 | 6122143 | zar99/7/CHUM18/BORL95//CBRD/8/CAL/NH//H567.71/3/SER1/4/ W 55 6.0
CAL/NH//H567.71/5/2*KAUZ/6/mazar 99
516068 | 6123635 | CBRD/FILIN R 5.7 0.8
516068 | 6123623 | CBRD/FILIN R 6.3 1.3
KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES/5/CROC_1/
516772 | 6122128 | Ae. tauschii (205)//KAUZ/3/SASIA/6/KAUZ//ALTAR 84/A0S/3/ W 6.4 7.0
MILAN/KAUZ/4/HUITES
PFAU/WEAVER*2//BRAMBLING/7/IVAN/6/SABUF/5/BCN/4/
516852 | 6122665 | RABI//GS/CRA/3/Ae. tauschii (190)/8/PFAU/WEAVER//BRAM- R 6.7 1.5
BLING
PFAU/WEAVER*2//BRAMBLING/7/IVAN/6/SABUF/5/BCN/4/
516852 | 6122662 | RABI/GS/CRA/3/Ae. tauschii (190)/8/PFAU/WEAVER//BRAM- R 6.8 23
BLING
PFAU/WEAVER*2//BRAMBLING/7/IVAN/6/SABUF/5/BCN/4/
516852 | 6122658 | RABI//GS/CRA/3/Ae. tauschii (190)/8/PFAU/WEAVER//BRAM- W 6.8 1.8
BLING
516104 | 6122002 | WBLL1*2/4/YACO/PBW65/3/KAUZ*2/TRAP//KAUZ/5/GONDO \% 6.8 34
516901 | 6123187 | PBW343/mazar 99*2/3/WUH1/VEE#5//CBRD W 6.9 1.3
KAUZ//ALTAR84/AOS/3/MILAN/KAUZ/4/HUITES/5/SHA3/
516874 | 6122758 | SERI//SHA4/LIRA/6/KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/ R 70 0.8
HUITES
WBLLI1/FRET?2//mazar 99/3/SHA3/SERI//SHA4/LIRA/4/WBLL1/
>16844 | 6122610 TACUPETO F2001//mazar 99 R 70 28
SHA3/CBRD//TNMU/5/KAUZ//ALTAR 84/A0S/3/MILAN/
520950 | 6123245 KAUZ/4/HUITES R 7.1 2.8
HEILO/7/IVAN/6/SABUF/5/BCN/4/RABI//GS/CRA/3/
520964 | 6123343 | \ E SQUARROSA (190)/8/VORB/FISCAL RO 72 | 17
KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES/5/CROC_1/
516772 | 6122127 | Ae. tauschii (205)//KAUZ/3/SASIA/6/KAUZ//ALTAR 84/A0S/3/ W 7.3 59
MILAN/KAUZ/4/HUITES
516901 | 6123188 | PBW343/mazar 99%2/3/WUH1/VEE#5//CBRD \% 7.3 19
516901 | 6123191 | PBW343/mazar 99*2/3/WUH1/VEE#5//CBRD \% 74 3.1
516068 | 6123629 | CBRD/FILIN R 7.7 1.0
516068 | 6123617 | CBRD/FILIN R 7.8 0.7
SHA3/CBRD//TNMU/5/KAUZ//ALTAR 84/A0S/3/MILAN/
520950 | 6123242 KAUZ/4/HUITES R 79 2.7
CAL/NH//H567.71/3/SERI/4/CAL/NH//H567.71/5/2*KAUZ/6/ma-
516775 | 6122145 | zar99/7/CHUM18/BORL95//CBRD/8/CAL/NH//H567.71/3/SER1/4/ W 8.0 38
CAL/NH//H567.71/5/2*KAUZ/6/mazar 99
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Table 8. White- (W) and red-grained (R) bread wheat genotypes for irrigated areas in the PC Fusarium White and Red
Grain Nursery tested for the 2™ year in the summer of 2010 and results of FHB index and DON contamination.

FHB
Grain | index | DON
CID GID Cross color | (%) | (ppm)
NG8675/CBRD/7/IVAN/6/SABUF/5/BCN/4/RABI//GS/CRA/3/Ae.

520949 | 6123236 tauschii (190)/8/WBLL1*2/CHAPIO R 8.1 1o

516068 | 6123625 | CBRD/FILIN R 8.1 1.6
KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES/5/CROC_1/

516772 | 6122129 | Ae. tauschii (205)//KAUZ/3/SASIA/6/KAUZ//ALTAR 84/A0S/3/ W 8.1 2.5
MILAN/KAUZ/4/HUITES

516901 | 6123186 | PBW343/mazar 99+2/3/WUHI1/VEE#5//CBRD \% 8.3 1.5

516871 6122748 KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES*2/5/CHIL/ W 23 938
CHUMI18

516068 | 6123628 | CBRD/FILIN R 8.3 14

516843 | 6122590 | WBLL1/FRET2//mazar 99*2/3/GONDO \\% 8.4 1.7

516070 | 6123660 | CHIL/CHUMI18//GONDO R 8.6 1.5

516871 6122741 KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES*2/5/CHIL/ W 2.6 95
CHUMI18

516901 | 6123193 | PBW343/mazar 99%2/3/WUH1/VEE#5//CBRD W 8.7 1.0

516901 | 6123195 | PBW343/mazar 99%2/3/WUH1/VEE#5//CBRD \\% 8.7 1.7

516901 | 6123189 | PBW343/mazar 99%2/3/WUHI1/VEE#5//CBRD \% 8.7 0.7

516901 6123196 | PBW343/mazar 99*2/3/WUH1/VEE#5//CBRD w 8.9 0.8
SHA3/CBRD//TNMU/5/KAUZ//ALTAR 84/A0S/3/MILAN/

520950 | 6123247 KAUZ/4/HUITES R 8.9 2.0
KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES/5/CROC_1/

516772 | 6122123 | Ae. tauschii (205)//KAUZ/3/SASIA/6/KAUZ//ALTAR 84/A0S/3/ W 8.9 2.0
MILAN/KAUZ/4/HUITES
NG8675/CBRD/7/IVAN/6/SABUF/5/BCN/4/RABI//GS/CRA/3/Ae.

520949 | 6123231 tauschii (190)/8/WBLL1*2/CHAPIO R 2.0 23
PBW343/mazar 99*2/6/TURACOQO/5/CHIR3/4/SIREN//ALTAR 84/

S16900 | 6123185 Ae. tauschii (205)/3/3*BUC R 9.0 14
CAL/NH//H567.71/3/SER1/4/CAL/NH//H567.71/5/2*K AUZ/6/ma-

516776 | 6122173 | zar99*2/7/CNDO/R143//ENTE/MEXI_2/3/Ae. tauschii (TAUS)/4/ W 9.1 43
WEAVER/5/2*mazar 99
PFAU/WEAVER*2//BRAMBLING/7/IVAN/6/SABUF/5/BCN/4/

516852 | 6122654 | RABI//GS/CRA/3/Ae. tauschii (190)/8/PFAU/WEAVER//BRAM- W 9.2 3.6
BLING

516070 | 6123661 | CHIL/CHUMI18//GONDO R 92 2.7
NG8675/CBRD/7/IVAN/6/SABUF/5/BCN/4/RABI//GS/CRA/3/Ae.

520949 | 6123235 tauschii (190)/8/WBLL1*2/CHAPIO R 9:3 0.9

516107 | 6122040 | WBLL1*2/KURUKU//HEILO \% 94 2.5
KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES/5/CROC_1/

516772 | 6122104 | Ae. tauschii (205)//KAUZ/3/SASIA/6/KAUZ//ALTAR 84/A0S/3/ W 9.5 7.9
MILAN/KAUZ/4/HUITES

516901 | 6123200 | PBW343/mazar 99+2/3/WUHI1/VEE#5//CBRD R 9.6 0.9

516068 | 6123630 | CBRD/FILIN R 9.6 1.6

516901 | 6123198 | PBW343/mazar 99%2/3/WUHI1/VEE#5//CBRD W 9.6 14

516789 | 6122272 | WAXWING/KIRITATI*2/3/SHA3/SERI//SHA4/LIRA R 9.6 4.0

516068 | 6123634 | CBRD/FILIN R 9.9 14

520948 | 6123221 | CHIL/CHUMI18//GONDO/3/WBLL1*2/KURUKU R 10.0 2.1

520956 | 6123283 | FN/2*mazar 99//GONDO/TNMU/3/FRANCOLIN #1 R 10.0 2.3

520947 | 6123209 | CHIL/CHUMI18//FN/2*mazar 99/3/PRL/2*mazar 99 R 10.1 2.5
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Table 8. White- (W) and red-grained (R) bread wheat genotypes for irrigated areas in the PC Fusarium White and Red
Grain Nursery tested for the 2™ year in the summer of 2010 and results of FHB index and DON contamination.
FHB
Grain | index | DON
CID GID Cross color | (%) | (ppm)
PFAU/WEAVER*2//BRAMBLING/7/IVAN/6/SABUF/5/BCN/4/
516852 | 6122657 | RABI//GS/CRA/3/AE.SQUARROSA (190)/8/PFAU/WEAVER// w 10.1 33
BRAMBLING
516107 | 6122042 | WBLL1*2/KURUKU//HEILO W 10.1 2.7
516068 | 6123616 | CBRD/FILIN R 10.2 1.1
516883 | 6123013 | PRINIA/PASTOR//CHIL/CHUM18/3/PRINIA/PASTOR R 10.4 1.2
KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES/5/CROC_1/
516772 | 6122097 | Ae. tauschii (205)//KAUZ/3/SASIA/6/KAUZ//ALTAR 84/A0S/3/ w 104 38
MILAN/KAUZ/4/HUITES
520974 | 6123365 | KAUZ/mazar 99//PBW343*2/3/HEILO W 104 1.8
SHA3/CBRD//TNMU/5/KAUZ//ALTAR 84/A0S/3/MILAN/
520950 | 6123243 KAUZ/4/HUITES R 10.5 29
516871 | 6122746 KAUZ//ALTAR 84/A0S/3/MILAN/KAUZ/4/HUITES*2/5/CHIL/ W 107 48
CHUMI18
NG8675/CBRD/7/TVAN/6/SABUF/5/BCN/4/RABI//GS/CRA/3/Ae.
520949 | 6123229 tauschii (190)/8/WBLL1*2/CHAPIO v 10.7 33
516883 | 6123007 | PRINIA/PASTOR//CHIL/CHUM18/3/PRINIA/PASTOR W 10.7 2.5
516098 | 6121958 | KAUZ/mazar 99//PBW343/3/HEILO \ 10.7 29
516093 | 6121935 | HPO/TAN//VEE/3/2*PGO/4/MILAN/5/SSERI1/6/GONDO \ 10.8 24
516070 | 6121915 | CHIL/CHUMI18//GONDO W 10.9 2.5
516068 | 6123631 | CBRD/FILIN R 109 2.9
1860 5536 GAMENYA (susceptible check) 92.5 8.1

Bread wheat for marginal areas: Results of the 27" Semi-Arid Wheat Screening Nursery (SAWSN) and 20™ High
Rainfall Wheat Screening Nursery (HRWSN). The 27" SAWSN and the 20" HRWSN were tested again in the 2010
summer cycle in El Batan. Entries with an FHB index less than 20% (27" SAWSN) and 18% (20" HRWSN) also were
tested for DON contamination (Table 9, continued on p. 55, and Table 10, pp. 55-56).

Table 9. Bread wheat genotypes for marginal areas from the 27" Semi-Arid Wheat Screening Nursery tested for the
2% year in the summer of 2010 and results of Fusarium head blight (FHB) index and DON contamination.

FHB
index | DON
CID GID Cross (%) | (ppm)
4965 10004 SUMALI #3 0.5 2.8
120634 | 2589783 | HEILO 53 2.7
450346 | 5427852 | SW94.2690/SUNCO 11.5 2.2
279807 | 3855011 | VOROBEY 129 42
450346 | 5427842 | SW94.2690/SUNCO 13.1 3.7
450352 | 5427939 | VEE/MI1//2*TUI/3/mazar 99/4/BERKUT 13.2 3.1
473247 | 5435908 | PASTOR//HXL7573/2*BAU/3/SOKOLL/WBLL1 13.3 2.1
450346 | 5427849 | SW94.2690/SUNCO 13.5 2.8
OASIS//TC14/2*SPER/3/ATTILA/10/ATTILA*2/9/KT/BAGE//FN/U/3/
4372571 5423751 BZA/4/TRM/5/ALDAN/6/SERI/7/VEE#10/8/OPATA 13:5 37
452364 | 5428200 | PASTOR/4/WEAVER/TSC//WEAVER/3/WEAVER/5/URES/PRL//BAV92 13.9 3.6
454534 | 5428538 | T. dicoccon P194625/Ae. tauschii (372)//3*PASTOR 14.3 3.1
450346 | 5427856 | SW94.2690/SUNCO 14.6 39
450352 | 5427940 | VEE/MI1//2*TUlI/3/mazar 99/4/BERKUT 14.7 2.0
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Table 9. Bread wheat genotypes for marginal areas from the 27" Semi-Arid Wheat Screening Nursery tested for the
2" year in the summer of 2010 and results of Fusarium head blight (FHB) index and DON contamination.

FHB
index | DON
CID GID Cross (%) | (ppm)

427650 | 5422808 | OASIS//TC14/2*SPER/3/ATTILA/4/WBLL4 150 2.7
437245 | 5423717 | A93324S5.7197.29/4/KAUZ//ALTAR 84/A0S/3/KAUZ/5/PASTOR 16.2 43
450356 | 5427957 FILIN/3/CROC_1/Ae. tauschii (205)//KAUZ/4/FILIN/5/VEE/MI1//2*TUI/3/ 165 37

mazar 99
450355 | 5427955 | BERKUT/3/ATTILA*2//CHIL/BUC 16.7 32
437240 | 5423682 | TAN//TEMPORALERA M 87/AGR/3/FRET2/4/URES/PRL//BAV92 17.1 49
435275 | 5423325 | BABAX/LR42//BABAX/3/ER2000 17.3 4.8
473281 5436044 | MEX94.27.1.20/3/SOKOLL//ATTILA/3*BCN 17.9 58
472868 | 5435731 | SOKOLL/3/PASTOR//HXL7573/2*BAU 18.2 4.5
452470 | 5428491 | PASTOR//HXL7573/2*BAU/3/CMH82.575/CMH82.801 18.3 35

OASIS//TC14/2*SPER/3/ATTILA/10/ATTILA*2/9/KT/BAGE//FN/U/3/
437257 15423741 BZA/4/TRM/5/ALDAN/6/SERI/7/VEE#10/8/OPATA 184 22
454534 | 5428531 | T. dicoccon P194625/Ae. tauschii (372)//3*PASTOR 184 32
460356 | 5429403 | PASTOR//HXL7573/2*BAU/3/WBLL1 19.1 5.8

MILAN/10/ATTILA*2/9/KT/BAGE//FN/U/3/BZA/4/TRM/5/ALDAN/6/
435388 | 5423482 SERI/7/VEE#10/8/OPATA 19.5 14
1860 5536 GAMENYA 60.3 0.2

Table 10. Bread wheat genotypes for marginal areas from the 20" High Rainfall Wheat Screening Nursery tested for
the 2" year in the summer of 2010 and results of Fusarium head blight (FHB) index and DON contamination.

FHB
index | DON
CID GID Cross (%) (ppm)
4965 10004 Sumai #3 (resistant check) 0.5 0.3
4749 9774 Shanghai #8 4.1 0.9
451641 5685994 | NING MAI 96035/FINSI//HEILO 53 2.8
120634 | 2589783 | Heilo (moderate resistant check) 6.2 1.6
442354 | 5686022 | ATTILA/HEILO 6.9 1.1
451641 | 5685999 | NING MAI 96035/FINSI//HEILO 7.3 2.5
442354 | 5686027 | ATTILA/HEILO 9.0 0.9
CPI8/GEDIZ/3/GOO//ALB/CRA/4/Ae. tauschii (208)/5/
475170 1 5685928 HAHN/2*WEAVER/6/SKAUZ/BAV92 oo 07 26
444320 | 5686059 | BURI/JARU/METSO 9.8 24
442354 | 5686023 | ATTILA/HEILO 104 2.3
480883 | 5551988 | WAXWING//PFAU/WEAVER 12.6 3.0
451641 | 5685998 | NING MAI 96035/FINSI//HEILO 12.6 33
279807 | 3855011 | VOROBEY 13.2 3.1
442354 | 5686025 | ATTILA/HEILO 133 2.1
451641 | 5686001 | NING MAI 96035/FINSI//HEILO 13.6 2.1
PI8/GEDIZ/3 ALB/CRA/4/Ae. hii (208
st |ssvony | ESCEDIR COOINBCR e i 0
476919 | 5535312 | ND643//2*PRL/2*mazar 99 164 30
448397 | 5398611 | BABAX/LR42//BABAX*2/3/KURUKU 173 35
444913 | 3826276 | FUNDACEP 30 174 1.2
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Table 10. Bread wheat genotypes for marginal areas from the 20" High Rainfall Wheat Screening Nursery tested for
the 2" year in the summer of 2010 and results of Fusarium head blight (FHB) index and DON contamination.
FHB
index | DON
CID GID Cross (%) (ppm)
451809 | 5685991 1AS58/4/KAL/BB//CJ71/3/ALD/5/CNR/6/THB/CEP7780/7/TNMU/8/ 175 30
METSO
CPI8/GEDIZ/3/GOO//ALB/CRA/4/Ae. tauschii (208)/5/
475170 | 5685927 HAHN/2*WEAVER/6/SKAUZ/BAV92 17.9 24
451641 5685996 | NING MAI 96035/FINSI//HEILO 17.9 2.9
1860 5536 GAMENYA (susceptible check) 64.2 49

Wheat blast caused by Magnaporthe grisea.

Defining disease prone climatic conditions and wheat blast risk assessment. Wheat blast or ‘brusone’, induced by
Magnaporthe grisea, infects the spikes of wheat grown in subtropical climates. The disease has been recorded in the
wheat cropping areas of Brazil since the mid 1980s and occurs in similar climatic conditions in Paraguay and Bolivia.
No reports exist on the occurrence of wheat blast outside South America. Damage potential is high and can account

for 10 to 100% crop losses. Control of the disease is limited by lack of effective fungicide spray schemes and resistant
cultivars. This study estimated the potential risk of wheat blast to occur in other wheat-growing areas in the world based
on a climate similarity approach. The assessment was based on categorizing blast sites in South America for moderate
and high disease severity levels and their corresponding climate profiles. Climate similarity with wheat production areas
in nontraditional, warmer areas on other continents was derived from the Worldclim database considering the coolest
quarter in which wheat is grown and similarity comparisons with the areas of cultivation in the northern hemisphere were
drawn from the warmest quarter of the year.

Our preliminary analysis revealed areas of wheat blast risk in significant parts of central India, Bangladesh, and
parts of Ethiopia. The wheat-growing regions in South Africa or Australia did not match with the blast climate profile.
Similarity also was identified with large areas of wheat production in the northern hemisphere, Eurasia, and North Amer-
ica. However, determining the similarity of sites using the Homologue software showed that northern Eurasia and North
America did not match a year-round climate comparison with areas in South America where brusone is known to occur.
Areas generally at the border of wheat-growing areas in the Indian subcontinent and in parts of Africa show a 40-60%
to 60-80% similarity with affected areas in South America underlining that risk of wheat blast pathogen survival exists.
From the limited knowledge available from the wheat blast pathogen, its survival in the cool or cold season is unlikely,
diminishing the current risk of wheat blast in production zones of the northern hemisphere.

The first international workshop on wheat blast held in Passo Fundo, Brazil.

To address wheat blast or ‘brusone’, which is responsible for 5-100% of wheat yield losses in regions of South America
and has the potential to spread to other countries, the “Wheat blast: A potential threat to global wheat production”
workshop was held in Passo Fundo, Brazil, 3-5 May, 2010, followed by a field visit to the Brasilia region. The work-
shop was organized by Embrapa Wheat, Embrapa Cerrados, and CIMMYT with the support of the project to ensure a
participation of scientists from national programs besides Brazil. The workshop was attended by representatives from
11 countries. Wheat blast was identified for the first time in 1985 in the State of Parana in southern Brazil, from where
it quickly spread to neighboring countries. Four years later, blast caused serious damage (40—100%) in the wheat fields
of Paraguay. In the lowlands of Bolivia, it was responsible for a loss of 90,000 ha of wheat between 1997 and 2000. In
2007, the disease was seen in summer-sown experimental wheat trials in Chaco, Argentina, and although researchers in
Uruguay have not observed the disease in wheat, they have found the fungus on barley. The 2009 outbreak cut Brazilian
wheat production by up to 30%.

Of great concern is that chemical control of wheat blast may not be working. Some farmers are using four
fungicide applications with no results, which suggests the current chemicals are not effective against the fungus or
are not properly applied. To date, resistant cultivars are unavailable and only limited tolerance can be found. Climate
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change is adding to the problem. ‘A more hot and humid climate favors fungal diseases such as wheat blast, which needs
high temperatures of about 24-28°C and long periods of rain to occur,” explained researcher Gisele Torres of Embrapa
Wheat. Changes in rainfall may create environmental conditions favorable to wheat blast in other parts of the world such
as South Asia or Africa and was the main reason for inviting researchers from different wheat-producing countries on
several continents to discuss wheat blast in Brazil.

The most important diseases that affect wheat production worldwide are leaf rust (5 x 10° ha), tan spot (4.5 x
10° ha), and Fusarium (4 x 10° ha). ‘So far, new diseases like wheat blast in South America have been limited to a few
countries,” said Man Mohan Kohli, ex-CIMMYT researcher once posted in South America. ‘Similarly, the distribution
of the stem rust Ug99 in Africa has been limited, but has been the object of studies by several research institutes around
the world.” Efforts to improve wheat resistance to Ug99 and to reduce the risk of its spread to other countries show how
international collaborative research and invest-
ment facilitates scientific response to new
virulent pathotypes, or races of pathogens,
that could become potentially devastating.
Researchers from the following institutions
participated in the workshop, which was sup-
ported by EMBRAPA and BMZ (Germany):
Gottingen University (Germany), Kansas
State University (United States), CIRAD
(France), CIAT (Bolivia), INTA (Argen-
tina), INIA (Uruguay), CIMMYT (Mexico),
USDA/ARS (United States), MAG/ DIA
(Paraguay), and Wageningen University
(Netherlands), as well as Brazil Embrapa
Cerrados, Embrapa Wheat, Embrapa Labex
Europa, BIOTRIGO, COODETEC, FUNDA-
CEP, UPF, UNESP, and Fapa/Agréria.

Safe movement of germ plasm.

The project ‘Safe movement of germ plasm’ was concluded in March 2010. Recommendations for 15 crops under

the CGIAR mandate were published on line as part of the SGRP GPG2 Knowledge Portal. We corresponded with all
CGIAR centers scientists working on seed crops to obtain the technical information on import/export permits, techni-
cal guidelines, and best practices in seed health for all CGIAR mandate seed crops. We revised and edited the materials
receive from other centers. Please consult http://cropgenebank.sgrp.cgiar.org.
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NATIONAL INSTITUTE FOR FORESTRY, AGRICULTURE, AND LIVESTOCK
RESEARCH (INIFAP-CIRNO)

Campo Experimental Valle del Yaqui, Apdo. Postal 155, km 12 Norman E. Borlaug,
entre 800 y 900, Valle del Yaqui, Cd. Obregon, Sonora, México CP 85000.

Identification of genes of agricultural importance in bread wheats for the state of Sonora, Mexico.

José Luis Félix-Fuentes, Pedro Figueroa-Lopez, Guillermo Fuentes-Da4vila, Victor Valenzuela-Herrera, Gabriela Chdvez-
Villalba, and José Alberto Mendoza-Lugo.

Introduction. Southern Sonora is characterized by having a large area sown with irrigated wheat every year. Farm-
ers, through their economic contributions to agricultural research, demand wheats with high yield potential, quality, and
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resistance to diseases; however, leaf rust caused by Puccinia triticina Eriks. is an endemic and highly destructive disease
in this region. The pathogen has the capacity to mutate (Rajaram and Campos 1974), and multiply rapidly (Singh et

al. 2001). A severe infection reduces the photosynthetic area, there is water loss which debilitates the radical system,
plant growth stops, kernels are shriveled, and the plant may die (Roelfs 1978). This disease is the main cause of cultivar
replacement and the increase in the use of fungicides making the wheat crop less profitable. A more recent threat to the
wheat crop is the TTKS or Ug99, a variant of stem rust. Although there is no records of its presence in the American
continent, research has been intensified looking for resistance genes for this and other diseases.

Materials and methods. Experimental plots were established at the Norman E. Borlaug Experimental Station, which
belongs to the Northwest Regional Research Center of the National Institute for Forestry, Agriculture and Livestock
Research (CENEB-CIRNO-INIFAP), during the crop season autuman—winter 2009—10. The station is located in block
910 of the Yaqui Valley at 27°22’ latitude north and 109°55” longitude west, 37 masl. Seven commercial cultivars
released by INIFAP were evaluated (Onavas F2009, Tepahui F2009, Villa Juarez F2009, Navojoa M2007, Roelfs F2007,
Kronstad F2004, and Tacupeto F2001), as well as 29 advanced lines from the CIMMYT bread wheat breeding program,
for the presence of genes Lr34, Sr22, Sr24, Sr26, and Sr36 (Table 1, continued on p. 60). DNA was extracted from plant
material following the method described by Saghai-Maroof et al. (1984). PCR reactions were carried out in the Bio-
technology Laboratory of CIMMYT in El Batan, state of Mexico. For gene Lr34, a final volume of 9.5 ul were used for
the reaction (6.5 ul of RED Sigma TAQ, 1.5 ul of primer CSLV34, and 1.5 ul of L34PLUS), and 5 u1 of DNA for genes

Sr22 (CFA2123), Sr24 (Sr24#12), Sr26 (Sr26#43), and Sr36 (STM773-2). PCR products obtained were separated by
horizontal electrophoresis in 2.5 and 3.0% agarose gels, depending on the gene; separation was in TBE1X buffer, then
stained with ethidium bromide, visualized under UV light, and documented with digital photography.

Table 1. Bread wheat advanced lines and commercial cultivars evaluated during the 2009-10 crop season in the Yaqui
Valley, Sonora, Mexico.
# Cultivar/line Selection history

1 Chewink CGSS03B00074T-099Y-099M-099Y-099M-6WGY-0B-3B

2 Navojoa M2007 CMSS97Y04045S-040Y-050M-040SY-030M-14SY-010M-0Y

3 Villa Juarez F2009 CGSS01B00062T-099Y-099M-099M-099Y-099M-12Y-0B

4 KEA/TAN/4/TSH/3/KAL/BB//TQEN/5/ CMSS04Y00153S-099Y-099ZTM-099Y-099M-5WGY-0B
Pavon/6/SW89.3064/7/Sokoll

5 Becard CGSS01B00063T-099Y-099M-099M-099Y-099M-33WGY-0B

6 Onavas F2009 CGSS01B00069T-099Y-099M-099M-099Y-099M-20Y-0B

7 PBW343//CAR422/ANA/3/ELVIRA CMSS02M00409S-030M-1Y-0M-040Y-10ZTB-0Y-02B-0Y

8 Babax/LLR42//Babax*2/4/SNI/TRAP#1/3/ CGSS01B00045T-099Y-099M-099M-099Y-099M-26Y-0B
KAUZ*2/TRAP//KAUZ

9 Roelfs F2007 CGSS00B00169T-099TOPY-099M-099Y-099M-9CEL-0B

10 | Whear/Kronstad F2004 CGSS04Y00106S-099Y-099M-099Y-099M-9WGY-0B

11 | Whear/Kronstad F2004 CGSS04Y00106S-099Y-099M-099Y-099M-3WGY-0B

12 | Tepahui F2009 CMSWO00WMO00150S-040M-040Y-030M-030ZLM-3ZTY-OM

13 | Babax/LR42//Babax/3/ER2000 CMSA01Y00176S-040P0Y-040M-030ZTM-040SY-24M-0Y-0SY

14 | TOBA97/Pastor CMSS97MO05756S-040M-020Y-030M-015Y-3M-1Y-3M-0Y

15 | PFAU/Milan/3/Babax/LR42//Babax CMSS02M00056S-030M-28Y-0M-040Y-25ZTB-0Y-01B-0Y

16 | Babax/LR42//Babax/3/ER2000 CMSA01Y00176S-040P0Y-040M-030ZTM-040SY-30M-0Y-0SY

17 | Whear/Sokoll CMSS04Y00201S-099Y-099ZTM-099Y-099M-11WGY-0B

18 | Thelin/2*WBLLI CGSS02Y00079T-099B-099B-099Y-099M-6Y-0B

19 | TC870344/GUl//Temporalera M 87/ CMSA01Y00725T-040M-040P0Y-040M-030ZTM-040S Y-10M-
AGR/3/2*WBLLI1 0Y-0SY

20 | Waxwing*2/Kronstad F2004 CGSS04Y00020T-099M-099Y-099ZTM-099Y-099M-3WGY-0B

21 | ROLFO7/YANAC//Tacupeto F2001/Bram- | CGSS05B00121T-099TOPY-099M-099NJ-4WGY-0B
bling

22 | Kronstad F2004 CMSS92Y01425T-16Y-010M-010Y-010Y-1M-0Y-50EY-0Y

23 | PFAU/MILAN//TROST/3/ CMSS04MO01426S-0TOPY-099ZTM-099Y-099M-3RGY-0B
PBW65/2*SERI.1B
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Table 1. Bread wheat advanced lines and commercial cultivars evaluated during the 2009—10 crop season in the Yaqui
Valley, Sonora, Mexico.
# Cultivar/line Selection history
24 | Tacupeto F2001 CGSS95B00016F-099Y-099B-099Y-099B-15Y-0B
25 | CAL/NH//H567.71/3/SERI/4/CAL/NH// CMSS04Y00364S-099Y-099ZTM-099Y-099M-2WGY-0B
H567.71/5/2*KAUZ/6/WH576/7/WH 542/8/
Waxwing
26 | CHRZ/BOW/CROW/3/WBLL1/4/ CMSA02Y00509T-040M-040P0Y-040ZTM-040S Y-040M-6ZTY-
CROC_1/Ae. tauschii (213)//PGO 03M-0Y
27 | Reolfs F2007 CGSS00B00169T-099TOPY-099M-099Y-099M-9CEL-0B
28 | CHRZ/BOW/CROW/3/WBLL1/4/ CMSA02Y00509T-040M-040P0Y-040ZTM-040S Y-040M-
CROC_1/Ae. tauschii (213)//PGO 15ZTY-03M-0Y
29 | OR 9437534/Sokoll//Sokoll CMSA04Y01203T-040ZTM-040ZTY-040ZTM-040S Y-5ZTM-
04Y-0B
30 | Sokoll/Excalibur CMSA03Y00010S-3POY-0ZTY-010M-010SY-010M-9ZTY-03B-
0y
31 | Babax/LR42//Babax/3/ER2000 CMSA01Y00176S-040P0Y-040M-030ZTM-040SY-28M-0Y-0SY
32 | CHEN/Ae. tauschii (TAUS)//BCN/3/ CMSA02Y00104S-040P0Y-040ZTM-040SY-040M-8ZTY-02M-
BAV92/4/Berkut 0y
33 | Sokol//Sunco/2*Pastor CMSA04Y00294S-040ZTY-040ZTM-040SY-8ZTM-01Y-0B
34 | CROC_l1/Ae. tauschii (213)//PGO/3/ CMSA02Y00059S5-040P0Y-040ZTM-040SY-040M-5ZTY-01 M-
CMHS81.38/2*KAUZ/4/Berkut 0y
35 | VEE/MJI//2*TUI/3/Pastor/4/Berkut CMSA01MO00075S-040POM-030ZTM-040SY-040M-13Y-OM-
0SY
36 | MTRWAD92.161/Prinia/5/SERI*3// CMSA02M00279S-040ZTM-040ZTY-040ZTM-040S Y-2ZTM-
RL6010/4*YR/3/Pastor/4/BAV92 03Y-0B
37 | KRONSTAD F2004 CMSS92Y01425T-16Y-010M-010Y-010Y-1M-0Y-50EY-0Y
38 | CROC_l1/Ae. tauschii (213)//PGO/3/ CMSA02Y00059S5-040P0Y-040ZTM-040SY-040M-7ZTY-03M-
CMHS81.38/2*KAUZ/4/Berkut 0y
39 | Tacupeto F2001 CGSS95B00016F-099Y-099B-099Y-099B-15Y-0B
40 | Navojoa M2007 CMSS97Y04045S-040Y-050M-040SY-030M-14SY-010M-0Y

Results. Amplification by PCR indicated that out of the 40 genotypes analyzed (taking into consideration the replication
of three cultivars), only three were positive for gen Lr34 (Fig. 1), which were ‘KEA/TAN/4/TSH/3/KAL/BB//TQFN/5/
Pavon/6/SW89.3064/7/Sokoll’, ‘Sokoll / Excalibur’, and cultivar Tepahui F2009. Genes such as Lr34 for nonspecific
races called durable resistance or slow-rusting, are expressed in adult plants, and are related to grain yield decrease
(Singh and Huerta 1997); on the other hand, other studies indicate that Lr34 contributes to a significant increment in pro-
tein content (Labuschagne et al. 2002). However, the statistical analysis did not show a correlation with yield and pro-
tein due to the low number of positives in the amplification of Lr34. Gen SR22 was originally identified in the diploid
wheat 7. monococcum subsp. monococcum (Gerechter-Amitai 1971) and transferred to tetraploid and hexaploid wheat
through interspecific hybridizations. Gene Sr22 is effective against Ug99, however, its presence has a negative effect on
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Fig. 1. PCR amplification for gene Lr34 in bread wheat lines and commercial cultivars evaluated furing the 2009-10
crop season in the Yaqi Valley, Sonora, Mexico. See Table 1 (pp. 59-60) for line identification.
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grain yield. Based on results from PCR, the presence of Sr22 was detected in Chewink, Becard, ‘Thelin / 2*WBLL1’,
‘ROLFO07/Yanac//TACUPETOF2001/Brambling’, and in the cultivars Tacupeto F2001, Roelfs F2007, and Onavas F2009
(Fig. 2). Gene Sr24 confers resistance to most races of stem rust, including virulent race Ug99 (TTKSK) established in
Eastern Africa and Ethiopia. Resistance of this gene during devastating epidemics of stem rust have been reported in
South Africa and India (Mago et al. 2005), however, Sr24 is not effective against a more recent variant of Ug99, desig-
nated as TTKST. Materials that possess Sr24 are ‘Babax/LR42//Babax/3/ER2000’, ‘TOBA97/Pastor’, ‘PFAU/Milan/3/
Babax/LLR42//Babax’, ‘Sokoll/Excalibur’, and ‘Sokoll//Sunco/2*Pastor’ (Fig. 3). Sr26 was not found in the materials
evaluated; this gene is one of the few with major resistance effective against race TTKSK and its derivatives TTKST,
making it ideal for pyramiding resistance. Gene Sr36 was not found during analysis of the materials evaluated. Previous
studies indicate that Sr36 confers resistance to Ug99, however, other variants of Ug99 affect this gene, so, it is recom-
mended to use it to pyramid with other genes. Genetic resistance is considered the most important strategy for disease
management in wheat. This resistance implies an aggregated value to materials when they are released as cultivars;
therefore, different breeding programs invest a great deal of their resources to disease management, as a response to a
possible event that might occur.

Fig. 2. PCR amplification for gene Sr22 in bread wheat lines and commercial cultivars evaluated furing the 2009-10
crop season in the Yaqi Valley, Sonora, Mexico. See Table 1 (pp. 59-60) for line identification.
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Fig. 3. PCR amplification for gene Sr24 in bread wheat lines and commercial cultivars evaluated furing the 2009-10
crop season in the Yaqi Valley, Sonora, Mexico. See Table 1 (pp. 59-60) for line identification.
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Effect of tillage methods on wheat grain yield and fuel consumption in the Yaqui, Valley Sonora,
Mexico.

Juan Manuel Cortés-Jiménez, Alma Angélica Ortiz-Avalos, and Guillermo Fuentes-Davila.

Introduction. In The Yaqui Valley, Sonora, Mexico, about 100,000 ha are managed with equipment for conventional
tillage, such as the plough or chisel. The cost of ploughing is $56.50 (11.5 exchange rate), chiseling $47.80, and disk
harrowing $30.40. In terms of economic impact, more importance now is focused on the energy cost of agriculture,

and agricultural diesel is the primary source of energy for tillage practices. The cost increase derived from tillage and
the commitments of the Kyoto Protocol are factors that make more important the use of efficient practices, taking into
consideration their influence on competitiveness in agricultural activities. Moreover, greenhouse gases produced by

the use of fossil fuels, such as diesel, are one of the most significant environmental problems to be addressed; therefore,
agricultural tractors ought to be used more efficiently (Pérez de Ciriza 2004). Deep tillage is considered essential for
yield improvement but, with the exception of deep-rooted plants, many crops yield well with 12—15 cm of tillage (Prasad
1996). Reduced tillage in wheat requires less equipment and energy in comparison to conventional tillage, where the
plow is used and yields are very similar; an economic advantage to the farmer (Gemtos et al. 1999). However, occasion-
ally plowing is recommended for weed control (Turley et al. 2003). Our objective was to determine the effect of conven-
tional tillage on wheat grain production and diesel consumption in a clay soil in the Yaqui Valley, Sonora, Mexico.

Materials and methods. The study was conducted at the Norman E. Borlaug Experimental Station, which belongs to
the Mexican National Institute for Forestry, Agriculture and Livestock Research (INIFAP), during the period 2006-07 to
2009-10. The station is located at 27°22” north latitude and 109°55” west longitude. The plot size was 5,760 m?. The
soil was prepared with secondary tillage based on the use of disk harrowing during five years (2002 to 2006), and from
the sixth year on, the plot was divided into three subplots of 1,920 m?. In each crop season, one of the subplots was
prepared just with disk harrowing, another with disk harrowing followed by plowing, and the third with disk harrowing
followed by chiseling. Plowing and chiseling were done to a depth of 40 cm and harrowing to 30 cm. In all cases, there
was no summer rotation. Sowing date and agronomic management followed the recommendations of INIFAP for the re-
gion. During 2009 and 2010, diesel consumption was measured from the time the tractor started with a full tank in each
treatment. Tractor brand and models for this study were New Holland 7610, John Deere 6403, and 4455.

Results. Plowing or chiseling did not produce a higher
wheat grain yield as compared to disk harrowing in any
of the years of evaluation (Table 2), which indicates that
primary tillage based on plowing and chiseling only
contributed to unnecessary increase in production costs. . CLopisEion

Only after four years of plowing, there was a slight in- Tillage method 2007 2008 2009 2010
crease in wheat grain yield; however, this increase was Plowing 6450 7.643 6460 8.220
not sufficient to pay for the cost of this tillage method. Chiseling 6.710 | 7660 | 6888 | 7.663
Disk harrowing 6.724 8.085 7.758 8.013

Table 2. Wheat grain yield (t/ha) obtained in conventional
and secondary tillage in the Yaqui Valley, Sonora, Mexico,
during four crop seasons.

Diesel consumption for each

tillage method evaluated and tractors used | Table 3. Fuel consumption in conventional and secondary tillage meth-
are reported in Table 3. The levels of ods in wheat in the Yaqui Valley, Sonora, Mexico (NH = New Holland;
consumption were consistent with those JD = John Deere tractors).
reported by manufacturers; however, 2009 season 2010 season
some variations are expected depending Tillage method L/ha Tractor L/ha Tractor
on the type of tractor, equipment size, and Plowing 243 NH 7610 322 1D 6403
operating conditions such as depth, speed, Chiseling 163 1D 4455 16 4 1D 6403
size, and shape of the field. In this study, - ;

Disk harrowing 7.9 NH 7610 8.5 NH 7610

diesel consumption for the disk harrow-
ing method was half the amount used with
chiseling, and from 26 to 32% with plowing, depending on the type of tractor.
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Conclusions. The use of secondary tillage based on disk harrowing showed greater grain yield and profitability as
compared with conventional tillage based on plowing or chiseling, under conditions of the Yaqui Valley, Sonora. The
elimination of conventional tillage practices in wheat management, reduced diesel consumption and therefore the emis-
sion of greenhouse gases like carbon dioxide, without affecting grain yield.
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Evapotranspiration as a tool to predict quantity of water for wheat irrigation in the Yaqui Valley,
Sonora, Mexico.

Alma Angélica Ortiz-Avalos, Juan Manuel Cortés-Jiménez, Guillermo Fuentes-Ddvila, and X6chitl Marisela Bravo-Pefia
(Colegio de Estudios Cientificos y Tecnoldgicos del Estado de Sonora, Periférico S/N, Esquina con Tamaulipas, Ba-
cobampo, Sonora, México CP 85287).

Abstract. The evapotranspiration data used in this study was taken from the weather station network in the Yaqui Valley
from 1 December, 2008, to 15 April, 2009, which corresponded to the wheat crop season. A database created in an Excel
spreadsheet was imported into the Idrisi Kilimanjaro program, in order to convert it into a digital file, and through inter-
polation by the nearest neighboring method, the value of evapotranspiration was projected for the entire Yaqui Valley.
The total value for the period of evaluation was 507 mm, however, evapotranspiration values were different throughout
the whole region. Therefore, we concluded that it cannot be generalized the application of the same quantity of irrigation
water to wheat across the Valley.

Introduction. Evapotranspiration is a key parameter for establishing the frequency and amount of water to be applied
in an irrigated crop (Gurovich 1985). Evaporation is affected by climate, crop characteristics, and management (FAO
1998). In the Yaqui Valley, where wheat has occupied the largest area during the autumn-winter for many years, eva-
potranspiration is higher than precipitation, therefore, irrigation is necessary in order to make agriculture a profitable
business (Cortés et al. 2009). The FAO (1998) recommends to study evapotranspiration in this type of regions to moni-
tor crop water demand. The objective of this evaluation was to identify the evapotranspiration reference values in the
Yaqui Valley through data recorded by the weather station network,and to determine whether these values could be used
as a general criterion for irrigated wheat scheduling.

Materials and methods. Evapotranspiration data was taken from the weather station network in the Yaqui Valley,
Sonora (PIEAES 2009) reported from 1 December, 2008, to 15 April, 2009. An Excel spreadsheet data base was created
for each of the stations with their respective coordinates. The data base was saved as text (tab delimited) and imported
into the Idrisi Kilimanjaro program, which created a map of points (known as vector) (Eastman 2003). The map was
taken to a process of interpolation (nearest neighboring method), and it also was added the minimum and maximum limit
in X, Y, of the Yaqui Valley, in order to get the map with the spatial distribution of evapotranspiration. The accumulated
monthly evapotranspiration was used to make graphs.

Results and discussion. The evapotranspiration value is a very important tool for agricultural irrigation programming.
However, it should be considered that even within the same region, values are not equal (Fig. 4, p. 64). The region
where the highest evapotranspiration was recorded is located in block 2920 near the coast known as Siari Island. Evapo-
ration is higher in coastal areas, because there is more area with bare soil and the evaporation from a soil under this
condition is greater than a soil with a vegetative cover, because solar radiation is mitigated by the plant cover (Miliarum.
com 2009).
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During the wheat season of evalua-
tion, the highest value of evapotranspiration Jasmi
n
(143 mm) occurred in March (Fig. 5). Howev- [ 2
14

er, the evaluation covered just 15 days in April,
so if sowing was carried out after the first day
of December, the physiological crop cycle
would be shifted so that more days would be
considered in April for the purpose of this
study. Therefore, the value of evapotranspira-
tion would increase as this month reported a
total value of 162 mm.

In irrigated agriculture, optimizing

water management is necessary to increase the 547.5
efficiency of using water resources through 552.0
technical procedures, which provide the neces- ETo

sary information to irrigate a crop with an opti- |Fig. 4. Evapotranspiration (mm) recorded in the Yaqui Valley,
mal frequency and timing (Singh and Chauman |Mexico, from Novermber 2008 to April 2009.
1996). Although evapotranspiration is a useful

tool for irrigation scheduling, it can not predict —
its application, therefore, it is necessary to incorporate 507
other values such as rainfall, crop type and phenologi- 500 1
cal stage, type and quality of soil, soil moisture, and 427
water quality (FAO 1998). 4004
E 286

Conclusions. Results of the average spatial distribu- 2 300
tion of evapotranspiration for the Yaqui Valley are not & 178
the same across the region, so that the value of eva- 200
potranspiration can not be taken as a single criterion 88
for irrigation scheduling. 1001 ﬁ
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Effect of two biofertilizers on wheat grain yield in the Yaqui Valley, Sonora, Mexico.

Alma Angélica Ortiz-Avalos, Juan Manuel Cortés-Jiménez, Guillermo Fuentes-Ddvila, and Linda Victoria Gonzdlez-Gu-
tiérrez (Centro de Investigacion y Desarrollo Tecnolégico en Electroquimica, Parque Tecnolégico Querétaro Sanfandila,
76703 Sanfandila, Pedro Escobedo, Qro., México).

Abstract. The use of biofertilizers is a practice that has generated great interest in recent years. In this process, the seed
is inoculated with beneficial microorganisms that exist naturally in soil, thus increasing its concentration in the rhizo-
sphere. In general, their effects reside in promoting plant growth, developing tolerance to moderate stress, and increas-
ing the efficiency of nutrient absorption. In this study, the simple effects and interactions between nitrogen, phosphorus,
Glomus arbuscular, and Azospirillum brasilense as fertilizers on wheat yield were evaluated. Results from simple
interactions indicated that plots with a nitrogen application produced greater grain yield than untreated ones, a phosporus
application did not increase yield, and the highest yield was obtained with Azospirillum in plots treated with just biof-
ertilizers. The highest grain yield from chemical fertilizer + biofertilizer interactions was obtained with the treatment
nitrogen + the mixture Glomus + Azospirillum.

Introduction. Research and technology contributed to increase crop yields during the 1960s and 1970s, but the
ecological price has been high (FAO 1995). The conventional agricultural model adopted by the middle of last century
was based on a production system that was highly efficient, but dependent on elevated synthetic inputs (FIDA-RUTA-
CATIE-FAO 2003), as well as the use of methods that caused soil erosion, salinization, pollution, desertification, and
loss of biodiversity (FAO 1995). Twenty-first century agriculture in Mexico and the world will have to use science as
an alternative to generate a revolution in agricultural production systems that overcome all areas (economy, productivity,
and ecology) of the production systems used during the last century. Agriculture in Mexico is promoting the use of
Rhizobium etli and Azospirillum brasilense, bacteria that fix atmospheric nitrogen in conjunction with the mycorrhizal
fungus (Glomus arbuscular) are the basis for the production of the so-called biofertilizers (Morales 2007). Biofertilizer
is a product that contains one or more soil microorganisms and can be applied to the seed or soil in order to increase
their population; it can be associated directly or indirectly to the plant root system, encourage its interaction, and
increase growth and reproduction of the host plant (Aguirre et al. 2010). These microorganism-biofertilizers are
normally distributed in the soil, but its concentration is insufficient (between 103—104 cells/g of soil) to cause the desired
beneficial effect on plants, hence, the importance of increasing their population size (between 106—108 cells/g of soil)
(Dibut 2009). In addition, these biofertilizers are environmentally friendly and low cost.

In the Yaqui Valley, Sonora, fertilization represents the main cost of wheat production, which affects the profit-
ability of this crop. In this study, the simple effects and interactions between nitrogen, phosphorus, Glomus, and Azos-
pirillum, as fertilizers on wheat yield were evaluated.

Materials and methods. The study was carried out at the Norman E. Borlaug Experimental Station (INIFAP) during the
200809 crop season. A factorial experimental design was used with the following factors: A) nitrogen rates O and 200
kg/ha as urea; B) phosphorus rates 0 and 52 kg P,O /ha in the form of monoammonium phosphate; and C) biofertilizers
control, Glomus, Azospirillum, and Glomus + Azospirillum. Experimental plots were 4.8 m? and treatments had three
replications. Mean comparisons used Tukey’s test (0.05). Planting date and agronomic management of durum wheat
cultivar Samayoa C2004 followed recommendations of INIFAP for the region.

Results a‘,“? discussion. The Table 4. Effect of biofertilizers, phosphorus, and nitrogen on grain yield of the durum
smg.le addition of 200 kg/ha wheat cultivar Samayoa C2004 during the 2008—09 crop season at the Norman E.

of nitrogen produ.ced on aver- Borlaug Experimental Station. Grain yield was evaluated at 12% humidity content.
age 756 kg of grain/ha more Tukey (p = 0.05) = 0.172.

than the control (Table 4); a Grain yield (Uha)

greater yield was obtained in Rate of fertilizer N_P (kg/ha)

g}:)ct ;tr;htﬁl;; 22(1?5:;21;]125 . Treatment 0-0 0-52 200-0 200-52 | Average
In the case of biofertilizers, Control 6.560 6.385 7773 7.594 7078 a
the highest grain yield was Glomus 6.895 6.573 7.600 7.452 7.130 a
obtained with the application Azospirillum 7.259 6.918 7.287 7.738 7.301 a
of Azospirillum, which was Glomus + Azospirillum | 6.760 6.381 7.839 7273 7063 a
699 kg/ha more than the con- | Average 6.869b | 6564b | 7.625a | 7.514a
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trol. The interaction that produced the highest yield was the mixture of Glomus + Azospirillum with a N—P rate of 2000,
respectively; however, the difference with respect to the control was only 66 kg/ha.

Agre.ater response tq blOfCI’tl]lZe.I‘S B Glofing L Azcsuinillum BG &+ A
was observed in treatments without chemi-

cal application (Fig. 6), plots treated with 10+
Azospirillum showed a yield increase of
9.6%, Glomus 4.9%, and 3.0% with the mix-
ture Glomus + Azospirillum. Plots treated
with nitrogen and the mixture Glomus +
Azospirillum showed a yield increase of
0.8%, whereas those treated with nitrogen,
phosphorus, and Azospirillum 1.9%. This
type of response can be attributed the lack
of fixation of atmospheric nitrogen by the
biofertilizers, because nitrogen availability
in the soil is high and therefore the symbi-
otic process is not established (Aguirre et al.
2010).

Increase vield (%o0)

[ = B T N O R o TN I o' B o B -}
§ I ¢ I 1, I (1 S | S /R |

0-0 0-52 200-0 200-52
N-P treatments
Fig. 6. Wheat yield increase by interactions between biofertilizers and
urea (N) and monoammonium phosphate (P).
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Characteristics and descriptions of phenotypic components of Huatabampo Oro C2009, a new durum
wheat cultivar for southern Sonora, Mexico.

Guillermo Fuentes-Ddvila, Victor Valenzuela-Herrera, Gabriela Chavez-Villalba, José Luis Félix-Fuentes, Pedro Figuer-
oa-Lépez, and José Alberto Mendoza-Lugo.

Introduction. Before the 1990s, bread wheat was the dominant class in northwest Mexico. In the state of Sonora, bread
wheat occupied more than 50% of the area dedicated to wheat from the agricultural season of 1983-84 to 1993-94.
However, many wheat producers have turned to durum wheat since the implementation of the domestic quarantine No.
16 (SARH, 1987), which limited the cultivation of bread wheat in fields where Karnal bunt had been detected at levels
greater than 2% infected grains. Other important factors were that durum wheat showed greater grain yield than bread
wheat and that, during that period of time, this crop did not have problems with leaf rust. In addition, there were oppor-
tunities for export of durum wheat.

Durum wheat was consolidated as the dominant class grown in Sonora beginning with the agricultural season
1994-95. Altar C84 was the most cultivated cultivar up to 200203, despite the fact that its resistance to leaf rust had
already been overcome by a wheat race, which caused production losses during 2000-01 and 2001-02. Seed production
of cultivar Jupare C2001 (Camacho-Casas et al. 2004) (resistant to leaf rust) through the collaborative project between
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the Mexican National Institute For Forestry, Agriculture, and Livestock Research (INIFAP) and the International Maize
and Wheat Improvement Center (CIMMYT) with support by the farmer’s union (PIEAES) of the Yaqui Valley, made

it the most widely grown cultivar in southern Sonora from 2003-04 to 2008-09 (Table 5, Fuentes-Ddvila et al. 2010a).
Atil C2000, a high-yielding cultivar released in 2001 that became susceptible to leaf rust in 2001-02 (Figueroa-Lépez et

al. 2002), occupied 53,106.07 ha.

Table 5. Area (ha) grown with wheat during the
2008-09 agricultural season in southern Sonora,
Mexico.
% of total

Cultivar Area (ha) area
Durum wheat
Japare C2001 119,327.38 42.34
Atil C2000 53,106.07 18.84
Samayoa C2004 29,062.75 10.31
Banamichi C2004 13,652.76 4.84
Platinum 7,741.92 2.75
Aconchi C89 1,067.14 0.38
Altar C84 491.66 0.17
Rafi C97 478.20 0.17
Nacori C97 10.00 0.004
TOTAL 224.,937.90
Bread wheat
Kronstad F2004 29,818.81 10.58
Tacupeto F2001 23,733.23 8.42
Tarachi F2000 1,615.60 0.57
Ray6n F89 1,045.33 0.37
Abelino F2004 638.18 0.23
Navojoa M2007 9.60 0.003
Roelfs F2007 9.60 0.003
TOTAL 56,870.34

Jupare C2001 did not comply with the expected
protein content in the grain and color, which are very
important parameters of quality. In addition, new races of
leaf rust present during 2008—09 overcame its resistance,
and the area occupied with this cultivar decreased signifi-
cantly in 200910, while that for Atil C2000 increased
(Table 6, Fuentes-Dédvila et al. 2011). Therefore, options
for cultivars resistant to leaf rust for this region must be
increased so that they contribute to help the long-lasting

Table 6. Area (ha) grown with wheat during the 2009-10
agricultural season in southern Sonora, Mexico.

% of total

Cultivar Area (ha) area
Durum wheat
Atil C2000 81,777 33.07
Juipare C2001 53,164 21.50
Samayoa C2004 23,318 943
Sawali Oro C2008 4,761 1.93
CIRNO C2008 3,256 1.32
CEVY Oro C2008 3,233 1.31
Platinum 2,655 1.07
Patronato Oro C2008 2,325 0.94
Aconchi C89 1,019 041
RSM Imperial C2008 980 0.40
Banamichi C2004 826 0.33
RSM Chapultepec C2008 499 0.20
Rafi C97 351 0.14
Rio Colorado 296 0.12
Nacori C97 241 0.10
Altar C84 105 0.04
TOTAL 178,806
Bread wheat
Tacupeto F2001 40,552 16.40
Kronstad F2004 25,021 10.12
Abelino F2004 736 0.30
RSM-Norman F2008 659 0.27
Ray6n F89 636 0.26
Tarachi F2000 384 0.16
Roelfs F2007 248 0.10
Navojoa M2007 235 0.10
Monarca F2007 4 0.00
TOTAL 68,475

use by wheat producers in Sonora and in northwest Mexico and at the same meet current minimum quality requirements

for export.

Pedigree, history selection and description of Huatabampo Oro C2009. After evaluation of grain yield since the
2007-08 agricultural season at the Yaqui Valley Experimental Station (renamed as Norman E. Borlaug Experimental
Station, CENEB, since March 2010), we proposed the release the experimental durum wheat line ‘GUAYACAN INIA/
POMA_2//SNITAN/4/D86135/ACO89//PORRON_4/3/SNITAN’ as cultivar Huatabampo Oro C2009 (Fuentes-Dévila et
al. 2010b). Huatabampo Oro C2009 is a spring-type durum wheat cultivar that originated from hybridizations made in
the Durum Wheat Breeding Program of CIMMY'T. The cross number and history selection is CDSS02B00562S-0Y-OM-
2Y-1M-04Y-0B. Shuttle breeding was carried out between the experimental stations of El Batan, state of Mexico (B)
(19°30'N and 2,249 msnm); San Antonio Atizapdn, state of Mexico (M) (19°17'N and 2,640 msnm); and the Yaqui Valley
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(Y) (27°20'N and 40 msnm), | Table 7. Selection history and localities where cultivar Huatabampo Oro C2009 was
in Sonora (Table 7). evaluated. Yield trials at INIFAP were at the following plant dates: 15,30 November,
15 December, and 1 January. For season, F-W = autumn—winter, S—S = spring—sum-
The most important | mer; For irrigation conditions, RR = regular rainfed, NI = normal irrigation.
phenotypic characteristics of Irrigation
this cult'lvar, accgrdmg to the Activity Locality Season conditions
International Union for the - - -
Protection of New Varie- Simple genetic cross El Batan, Mexico S-S /2002 RR
ties of Plants (UPOV 1994), | F, generation Cd. Obregon, Sonora | F-W /2002-03 NI
are given in Table 8 (p. 69). F, generation Cd. Obregon F-W /2003-04 NI
Cultivar Huatabampo Oro F, generation Atizapan, Mexico S-S /2004 RR
C2009 has an average of 78 F : Cd. Ob W / 200405 NI
days-to-heading with a range s generation - Jbregon _
of 68 to 86. The cultivar has | F; generation Atizapan S-S /2005 RR
an average of 118 days to F, generation Cd. Obregon F-W /2005-06 NI
physiological maturity; how- F . . .
. generation yield trials 8
ever, the cycle may be short- by CIMMYT El Batan S-S /2006 RR
ened due to the lack of cold
h if olantine is lat d ) ) F-W /2007-08 NI
ours 11 planting 18 late, an Yield trials by INIFAP | Cd. Obregon
may average 107 days when F-W /2008-09 NI

sowing is done at the end

of December. Huatabampo Oro
C2009 has an average height of
86 cm (Fig. 7), a maximum of
100 and minimum of 75. Plant
growth habit is erect,and shows
no or low frequency of recurved
flag leaves.

Spike shape in pro-
file view is tapering, density is
medium, and the length exclud-
ing awns is medium; awns are
longer than the spikes. Spike
glaucosity is strong, and awns
are distributed the whole length
and have a brown color. At
maturity, spikes become pig-
mented. Glume shape is ovoid
(spikelet in mid-third of spike),

recurved flag leaves.

Fig. 7. Huatabampo Oro C2009 durum wheat
cultivar has an average height of 86 cm. Plants
are erect and present no or very low frequency of

Fig. 8. The grain shape of
Huatabampo Oro C2009
durum wheat cultivar is
elongated. In the dorsal
view, pubescence is of
medium length. Grain
coloratin after treatment

with phenol is absent or
very light.

S 7.

and hairiness on the external surface is present. The shape of the shoulder is rounded
and the width is narrow; length of the beak is short and slightly curved. Grain shape is elongated (Fig. 8), and the length
of brush hair in dorsal view is medium. Grain coloration when treated with phenol is absent or very light.

Acknowledgements. The authors wish to thank Dr. Karim Ammar, Head of the Durum Wheat Breeding Progam of the
International Maize and Wheat Improvement Center (CIMMYT), for providing the advanced lines from which Huata-
bampo Oro C2009 originated.
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Fuentes-Davila G, Valenzuela-

Table 8. Characteristics and description of phenotypic components of cultivar Huata-

Herrera V, Chévez-Villalba | bampo Oro C2009.
Gj Félix-Fu/entes JL, Structure Characteristic Description
Figueroa-Lopez P, and Coleoptile Anthocyanin coloration Strong
Mendoza-Lugo JA. 2010a. First leaf Anthocyanin coloration Absent or very weak
CEVY ORO C2008, X

. . . Growth habit Erect
variedad de trigo crista- -
lino para el noroeste de Plant Frequency of plants with recurved flag leaves | Absent or very low
México. INIFAP, Centro Seasonal type Spring
de Investigacién Regional Time of emergence Early
del Noroeste, Campo Glaucosity Strong
Experimental Valle del Length (stem, ear and awns) Medium
Yaqui. Folleto Técnico No. Distribution of awns Whole length
70; C_d- Obregdn, Sonora, ” Awns at tip of spike in relation to spike Longer
Meéxico. 28 pp. ISBN Spike Length excluding awns Medium
978-607-425-307-8 (In . X 5
Spanish). Hairiness of ma.rgln of first rachis segment Absent or very weak

Fuentes-Ddvila G, Valenzuela- Color (.at maturlty') Plgmejnted

Herrera V, Chévez-Villalba Shape in profile view Tapering
G, Félix-Fuentes JL, Density Medium
Figueroa-Lopez P, and Flag leaf Glaucosity Strong
Mendoza-Lugo JA. 2010b. Glaucosity of blade Weak
Huatabampo Oro C2009, Anthocyanin coloration Absent or very weak
nueva variedad de trigo Awn Color Brown

cristalinp parael HIOroeste Hairiness of uppermost node Weak

de México con resisten- Culm Glaucosity of neck Medium
cla a roya de la h(.)J & alto Shape (spikelet in mid-third of ear) Ovoid
potencial de rendimiento y sh ¢ shoulder Rounded
alto contenido de pigmen- ape o1 § _Ou c ounce
to. In: Memoria: Dia del Lower glume Shoulder width Narrow
Agricultor 2010. Publi- Length of beak Short
cacion Especial No. 17, Shape of beak Slightly curved
INIFAP, CIRNO, Campo Hairiness on external surface Present
Experimental Norman E. Straw Pith in cross section (half way between base | Medium
Borlaug, Cd. Obregoén, of ear and stem node below)

Sonora, México. P. 11 (In Shape Elongated
Spanish). Grain Length of brushhair in dorsal view Medium

Fuentes-Davila G, Valenzuela-

Coloration with phenol

Absent or very light

Herrera V, Chavez-Villalba
G, Félix-Fuentes JL,

Figueroa-Loépez P, and Mendoza-Lugo JA. 2011. Huatabampo Oro C2009, variedad de trigo cristalino para el no-
roeste de México. INIFAP, Centro de Investigacién Regional del Noroeste, Campo Experimental Valle del Yaqui, Cd.

Obregdn, Sonora, México. 28 pp (In Spanish).

SARH. 1987. Cuarentena interior No. 16 contra el Carbén Parcial del trigo. Secretaria de Agricultura y Recursos Hid-
rdulicos, Diario Oficial, 12 Marzo, 1987, México (In Spanish).
UPOV. 1994. Guidelines for the conduct of tests for distinctness, homogeneity and stability of durum wheat varieties
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Evaluation of grain yield of durum wheat cultivar Movas C2009.

José Luis Félix-Fuentes, Guillermo Fuentes-D4vila, Pedro Figueroa-Loépez, Victor Valenzuela-Herrera, Gabriela Chavez-

Villalba, and José Alberto Mendoza-Lugo.

Introduction. Northwest Mexico, comprised by the states of Sonora, Sinaloa, and South and North Baja California, is
the main wheat-producing region of Mexico with approximately 460,000 ha. In this region, wheat producers have a high
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demand for cultivars with important agronomic and quality characteristics; this, in turn, forces and maintains dynamic
breeding programs that evaluate experimental germ plasm under different environments. Every crop season, wheat lines
that show stability in main parameters, such as grain yield, quality, and disease resistance, are proposed for commercial
release. After several crop seasons of evaluation, the experimental spring durum wheat CIMMYT line ‘CMHS83.2578/4/
D88059//WARD/ YAV79/3/ACO89/5/2*SOOTY_9/RASCON_37/6/1A.1D5+106/3*MOJO/3/AJATIA_12/ F3LOCAL
(SEL.ETHIO. 135.85)//PLATA_13’ was released as the commercial cultivar Movas C2009 (Félix-Fuentes et al. 2010).
The cross number and selection history is CDSS02B00720S-0Y-0M-8Y-1M-04Y-0B. Evaluations of grain yield of Mo-
vas C2009 and the check cultivar Jipare C2001 are presented here.

Materials and methods. This study was at
the Norman E. Borlaug Experimental Station
(CENEB), which belongs to the Northwest
Regional Research Center (CIRNO) of the
Mexican National Institute for Forestry, Agri-
culture and Livestock Research (INIFAP),
located in block 910 of the Yaqui Valley
(27°22’ latitude north, 109°55’ longitude
west, at 38 masl). Grain yield of Movas
C2009 and the check cultivar Jipare C2001
was evaluated in four sowing dates with two 2D 2IR 23 January (53) 3 March (90)
and three complementary irrigations during 2D 31IR 14 January (44) | 18 February (79) | 12 March (103)
the crop season autumn—winter 2008—09
(Table 9), with two and four complementary 3D 2IR 6 February (53) 10 March (87)

irrigations during the 2009-10 crop season 3D 3IR 28 February (44) | 4 March (81) 27 March (104)
(Table 10), and with drip irrigation (full

irrigation) during crop seasons 2005-06 to 4D 2IR 26 February (56) | 26 March (86)

2008—-09 on one sowing date (1 December), :
in block 810 at CIM- 4D 3IR 13 February (43) | 10 March (67) 3 April (93)

MYT area. Experimental
plots were 5-m long on
two beds with two rows;
space between beds was
0.8 m. Sowing dates

Table 9. Dates of application of the two and three complementary ir-
rigations for cultivars Movas C2009 and Jipare C2001 at four sowing
dates during the autumn—winter crop season 2008-09, at the Norman
E. Borlaug Experimental Station in Sonora, Mexico (D = sowing, IR
= two and three complementary irrigations, days after sowing are indi-
cated in parentheses following date).

1D 2IR 6 January (50) 17 February (92)
1D 3IR 31 December (44) | 5 February (80) | 2 March (107)

Table 10. Dates of application of the two and three complementary irrigations for culti-
vars Movas C2009 and Jiapare C2001 at four sowing dates during the autumn—winter crop
season 2009-10, at the Norman E. Borlaug Experimental Station in Sonora, Mexico (D =
sowing, IR = two and three complementary irrigations, days after sowing are indicated in
were 15 November, | parentheses following date).

and 15 December, and 1 1D 2IR 6 January (50) 18 February (93)
January, in dry clay soil 1D 4IR 24 December (37) | 22 January (67) 18 February (93) | 5 March (110)

using 100 kg of seed/ha.
Fertilization consisted of 2D 2IR 10 January (50) 3 March (90)
100 units of N (as urea) 2D 4IR 8 January (38) 9 February (70) | 4 March (95) 19 March (110)
and 100 units of P (as

monomonium phosphate) | 3p 2[R 10 February (57) | 23 March (100)

before seeding. The trial * '3p 1R |22 January (38) | 24 February (71) | 19 March (96) | 29 March (106)
was irrigated right after

seeding and later during
the season complemen-
tary irrigations were
provided as indicated
(Tables 9 and 10). Also, 100 units of N were applied before the first complementary irrigation and 50 before the second.
The herbicide Situi® xI at 25 g/ha of commercial product was sprayed over the trial 30 days after sowing. Statistical
analysis was performed using SAS, and mean comparison with Tukey’s test (0.05).

4D 2IR 23 February (54) | 26 March (91)
4D 4IR 11 February (42) | 17 March (76) | 29 March (91) | 15 April (107)

Results and discussion. The results of the evaluation during the 2008—09 crop season with two and three complemen-
tary irrigations indicated that the best sowing date, in order to obtain the highest yield potential of both cultivars Movas
C2009 and Japare C2001, was 1 December, which produced an average of 6.1 ton/ha, followed by the first sowing date
with 5.8 (Table 11, p. 71). In general, sowing between 15 November and 1 December 1 allows the accumulation of
more cold units (CU) that render better grain yield by wheat cultivars in the Yaqui Valley. Félix-Valencia et al. (2009)
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reported that with
an accumulation

of 340 CU, wheat
grain yield would
be approximately

Table 11. Average grain yield of culti-
vars Movas C2009 and Jipare C2001
with two and three complementary irri-
gations during autumn-winter 2008—09
crop season, at the Norman E. Bor-

Table 12. Grain yield of cultivars Movas C2009
and Jiapare C2001 in four sowing dates with two
and three complementary irrigations during autumn-
winter 2008-09 crop season, at the Norman E.
Borlaug Experimental Station in Sonora, Mexico.

4,630 kg/ha, and laug Experimental Station in Sonora, Number / date Cultivar
for each increment | Mexico. For grain yield, columns with of irrigation | Movas C2009 | Jupare C2001
of 100 CU, yield the same letter are statistically similar Two irrigations
will increase by (Tukey, p = 0.05).
. : 15 November 6.8 59
330 kilograms. Grain yield D b 62 54
. ecember . .
The average grain Sowing date (ha)
: 15 December 6.0 5.6
yield of Movas Ist 58 ab
C2009 in four nd 61 a 1 January 53 4.7
sowing dates with 3rd 5' 1be Average 6.1 54
two complemen- ath 5'1 Three irrigations
tary irrigations - ¢ 15 November 6.7 4.1
registered 0.7 1 December 7.0 59
ton/ha greater j[han tha.t of the check cultivar Jﬁpare. C2001, 15 December 4.4 57
although the highest yield difference was recorded in the 1st 1 Januar 54 48
sowing date with 0.9 ton/ha (Table 12). The average difference J : -
Average 59 5.1

in grain yield was 0.8 ton/ha in favor of Movas C2009
with three complementary irrigations, and the highest
difference was recorded again in the 1st sowing date
with 2.6 ton/ha. The effect generated by water stress
on a wheat crop depends on the phenological stage of
the plant, pre- and post-anthesis being the most sus-
ceptible to this abiotic factor. During the evaluation in
2008-09, the average temperature during this stage was
16°C (Fig. 9). Most of the assimilates that are stored in
the grain are generated during grain filling, therefore, a
preanthesis reserve does not increase with water stress,
as expressed as the proportion of dry weight of the crop
during anthesis, but increases as yield proportion.

Table 13. Grain yield of cultivars Movas C2009
and Jupare C2001 in four sowing dates with two
and four complementary irrigations during autumn-
winter 2009-10 crop season, at the Norman E.
Borlaug Experimental Station in Sonora, Mexico.

Number / date Cultivar
of irrigation Movas C2009 | Jupare C2001

Two irrigations

15 November 6.6 6.6

1 December 7.1 6.5

15 December 6.4 5.5

1 January 6.3 53

Average 6.6 6.0
Four irrigations

15 November 7.0 6.7

1 December 8.4 79

15 December 7.7 7.3

1 January 7.2 5.7

Average 7.6 6.9
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Fig. 9. Maximum, minimum, and average termerature
during pre- and post-anthesis during the 2008-09 autumn-
winter wheat season at the Norman E. Borlaug Experimental
Station, Sonora, Mexico.

Movas C2009 expressed its grain yield potential with
four complementary irrigations during the 2009—-10 crop season
with an average of 7.6 ton/ha and a maximum of 8.4 in the sec-
ond sowing date (Table 13). The yield difference ranged from 1
to 1.7 t/ha when Movas C2009 had two or three complementary
irrigations during crop seasons 2008—09 and 2009-10. Movas
C2009 showed a higher grain yield than that of Jipare C2001,
with an average difference of 0.65 t/ha with two and four com-
plementary irrigations during 2009-10.

The difference in grain yield for Movas C2009 be-
tween the average of the first two sowing dates and the average
of the third and fourth ones, was 0.850 t/ha with two irriga-
tions in 2008—09 and 0.500 in 2009—-10 in favor of the first two
sowing dates. The same trend was found in 2008—09 with three
irrigations (1.950 t/ha difference) and in 2009—-10 with four ir-
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rigations (0.250 t/ha). The low grain yield obtained on the dates considered as late (third and fourth) can be attributed to
the high temperatures registered in the region when plants were in a vegetative stage and under this stress and represents
a decrease in grain number. Fokar et al. (1998) and Savin et al. (1997) have reported significant variation in reduction of
grain number and weight/spike under heat stress. The environmental stress may be different but most have a common
effect on the hydric status of the plant (Bohnert et al. 1995).

Moderate water stress in a wheat plant causes a foliar reduction and, according to Abbate et al. (1997), anthe-
sis takes place earlier than normal. Anthesis is delayed when a more severe stress occurs, being able to be modified
on the day spike growth ends, however, Abbate and Cantarero (2001) reported that the duration of spike growth is not
affected in a significant way by drought. The way in which a plant responds under such conditions depends on the spe-
cies, because the mechanisms that confer tolerance to stress in many instances have evolved in a specific way for certain
plant groups. Ortiz (2009) reported that only the first complementary irrigation can be delayed without affecting normal
plant development; this irrigation is applied during tillering, 35 to 40 days after sowing. The second irrigation is applied
during heading or flowering, 74 to 85 days after sowing, and can affect grain yield if delayed. The third and fourth ir-
rigations are applied during the milky stage; the number of days to reach this stage is about 100 days, depending on the
sowing date.

The grain yield of Movas C2009 and the check O Movas C2009 E Tpare C2001

cultivar Jupare C2001 was similar during the different crop 5.

seasons of evaluation under drip irrigation (Fig. 10). Movas ml

C2009 showed a greater grain yield than that of Jipare i |, g I

C2001 in a range of 0.14 to 0.28 t/ha during 2008-09 and s aiim

200607, respectively. The highest yield by Movas C2009 5 6]

was 7.17 t/ha during crop seasons 2007-08 and 2005-06. % 5971

Grain yield of Jipare C2001 was greater than that of Movas 2 41

C2009, 0.170 to 0.290 t/ha, respectively. The highest yield g 341 I

by Jupare C2001 was 8.79 t/ha. Although this type of ir- S 2411

rigation maintains a hydric status in the soil, which avoids 14 Ii Ii Ii

water stress in the plant, environmental conditions vary from ol | B : L : | & ‘ ;

season to season and may have an effect on grain yield, 2005-06 2006-07 2007-08 2008-09

as it was shown in contrasting crop seasons 2007-08 and Crop season

2008-09; grain yield difference in Movas C2009 in both Fig. 10. Grain yield of cultivars Movas C2009 and

seasons was 1.92 t/ha and 2.23 t/ha for Jipare C2001. Japare C2001 under drip irrigation in block 810 at
CIMMYT, during the autumn—winter 2005-06 to 2008—
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Effect of green manure crops and inoculation with Glomus intraradices on the quality and yield of
wheat in the Yaqui Valley, Sonora, Mexico.

Juan Manuel Cortés-Jiménez, Teresa de Jests Ruiz-Vega, Alma Angélica Ortiz—Avalos, and Guillermo Fuentes-Davila.

Abstract. The effect of inoculating wheat seed with Glomus intraradices and the interaction with incorporation of maize
(Zea mays), Sesbania exaltata, Clitoria ternatea, and sorghum (Sorghum bicolor) as green manure on wheat grain yield
and quality was studied. Green manure treatments were compared with a control treatment that consisted of a fallow
plot during the summer. A randomized complete block split-plot design with three replications was used to evaluate the
treatments. Significant statistical differences were detected for grain yield, between green manure treatments, and the
interaction between green manure and inoculation treatments. Grain yield was 7.690, 7.653,7.590,7.433,and 7.115 t/
ha for Clitoria, sorghum, Sesbania, the control, and maize, respectively. There was a significant and positive interaction
between Glomus and sorghum. The average grain yield of the biofertilizer treatment was 7.632 t/ha and 7.36 for the con-
trol. Wheat grain yield was 7.394 t/ha when green manure crops were established under irrigation, and 7.597 t/ha under
rainfed conditions. For grain protein, the only significant difference was between irrigation treatments for green manure
crops; a greater grain protein content (10.32%) was found in treatments where green manure crops were irrigated than
those where green manure crops grew under rainfed conditions (9.67%). An average of 10.16% was obtained when seed
was inoculated with Glomus, and 9.83% when it was not.

Introduction. The use of biological fertilizers is a practice of great interest in the last few years. The practice consists
in inoculating seed with beneficial, natural soil microorganisms, increasing its concentration in the rhizosphere (Ferraris
and Couretot 2006). Macias (2004) evaluated the use of biofertilizers in wheat during three crop seasons in northern
Sinaloa, Mexico, and reported a 700 to 1,280 kg/ha increase with the use of the rhizobacterium Azospirillum brasilense,
and from 300 to 820 kg/ha with the use of the fungal mycorrhiza Glomus intraradices, with respect to a control without
nitrogen fertilization. In soil in the Yaqui Valley with 166 kg/ha of nitric nitrogen and 30 kg/ha of phosphorus avail-
able, Cortés (2000) did not find significant differences between the inoculation with A. brasilense and G. intraradices,
fertilization with the formula NPK 200-52-0, and the absolute control; grain yield was 6.406, 6.696, and 6.128 t/ha,
respectively. When G. intraradices or A. brasilense were used separately, grain yield was lower than that of the absolute
control. Treatment with the rhizobacterium accumulated 28.3 kg/ha of additional nitrogen in relation to the absolute
control. According to the information available, associations with A. brasilense are capable of fixing from 12 to 313

kg of nitrogen per ha per year depending on the conditions. In the case of the Glomus spp., it is generally accepted that
this type of microorganisms increases the absorption of those nutrients that have very low mobility in the soil, such as
phosphorus (Marschner 1986). Ferraris and Couretot (2006) reported an additive behavior without the interaction of
inoculation by chemical fertilization in relation to yield, which coincides with the results obtained in northwest Mexico
(Manjarrez 2002; Manjarrez et al. 2002; Macias 2002).

On the other hand, green manure is a type of cover crop grown primarily to add nutrients and organic matter to
the soil. Typically, a green manure crop is grown for a specific period and then plowed under at the flowering stage and
incorporated into the soil. In general, green manure crops are decomposed in and on the soil and are an ideal food-stuff
for soil microorganisms (Kulmans and Véasquez 1999). They also increase the resistance to abrupt pH modification, pro-
vide substances such as phenols that contribute to plant respiration, and facilitate greater absorption of phosphorus and a
better plant health (Guerrero 1993). Incorporation of green manure crops also is very important in crop rotation, because
they increase production, incorporate residues, improve the soil cover, and interrupt the life cycles of pests, diseases, and
weeds (Altieri and Nicholls 2000). The use of green manure is an option that will depend upon the objectives proposed,
the area, weather conditions, and the main crop to be cultivated. In the case of the Yaqui Valley, it is possible to establish
a green manure leguminous crop after wheat harvest, from July to September, in order to take advantage of the rainy pe-
riod, by which the production of green material rises and nitrogen is delivered into the soil (Garcia and Martinez 2011).
This study evaluated the effect of inoculating wheat seed of durum cultivar CIRNO C2008 with the fungal mycorrhiza
G. intraradices and the incorporation of green manure crops during the summer on grain yield and quality of the same
cultivar.

Materials and methods. A study on the effect of green manure crops maize, S. exaltata, C. ternatea, sorghum, and a
control treatment on wheat grain yield and quality was carried out at the Norman E. Borlaug Experimental Station during
2009-10. A randomized complete block split-plot design with three replications was used to evaluate treatments. The
main plot corresponded to the green manure crops, the subplot to the irrigation treatments in the green manure crops, and
the sub-subplot to seed inoculation with G. intraradices. The experimental plot consisted of four beds with two 50-m
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rows each with a separation of 0.80 m (160 m?), whereas the experimental unit consisted of two 3-m long beds. Mean
comparison was performed with Tukey’s multiple range test (p =0.01 and 0.05). Weed control was carried out manually.

Crops were established in the month of June and incorporated as green manure in September of 2009. They
were irrigated for germination and, later, half the area of each plot was irrigated twice on 30 July and 14 August, and
the other half was left under rainfed conditions. The durum wheat cultivar CIRNO C2008 was sown in humid soil on 7
December, 2009, in those plots where the green manure crops had previously been incorporated. The seed that was in-
oculated with G. intraradices was treated at the rate of 1.0 kg/ha/30 kg of seed. Three complementary furrow irrigations
were applied 46, 75, and 94 days after sowing.

Results and discussion. Significant statistical differences were detected between the green manure treatments, and the
interaction between green manure and inoculation treatments for grain yield. In all cases, greater yield was detected in
plots where the seed was inoculated with G. intraradices, except when maize was established as green manure crop un-
der rainfed conditions. Incorporation of leguminous crops grown under irrigation or rainfed conditions, produced greater
wheat grain yield with or without inoculation with the mycorrhiza; this phenomenom was not observed with incorpora-
tion of gramineous crops. In the case of maize, its incorporation as green manure caused a reduction in grain yield under
all the different conditions of evaluation, whereas sorghum caused a reduction in yield when CIRNO C2008 was not
inoculated with G. intraradices, but it significantly increased when inoculated with the mycorrhiza. The treatment with
the greatest average wheat grain yield (7.690 t/ha) was obtained with the incorporation of C. ternatea, whereas the low-
est yield was obtained
with incorporation of

maize. The significant Table 14. The effect of green manure crops and inoculation with Glomus intraradices on the
statistical interaction grain yield (t/ha) of durum wheat cultivar CIRNO C2008. Inoculation x green manure crop,
between green manure Tukey 0.05 = 0.536; green manure crop, Tukey 0.05 = 0.473.

crops and inoculation Green ma- Without G. intraradices With G. intraradices

treatments indicated nure crop Irrigated Rainfed Irrigated Rainfed Mean
that inoculation with Sorghum 7.127 a 7.167 a 8.153b 8.163 b 7.653 a
G. intraradices pro- Clitoria 7523 a 7.700 a 7587 a 7.950 a 7.690 a
duced greater wheat Control 7.290 a 7497 a 7320 a 7.623 a 7433 ab
grain yield, only when |, cpaniq 7363a 7.660 a 7367a 7970 a 7.590 ab
the green manure crop. [y ro; 0 7017 a 7.257 a 7.197 a 6.990 a 7.115b
incorporated was sor- 72642 7456 75254 7.739a

ghum (Table 14).

For grain protein, the only significant difference was between irrigation treatments for green manure crops;
there was a positive effect when crops were established under irrigation compared to rainfed conditions, because the
percentage of protein increased (Table 15). During this first study, the grain yield obtained without fertilizers, including
the control, indicated a great amount of residual nitrogen in the soil from trials carried out in previous wheat seasons.
This also indicates the low efficiency of wheat for taking up this element. The greater wheat grain yield obtained when

green manure Crops

were established under | Table 15. The effect of green manure crops and inoculation with Glomus intraradices on the
rainfed conditions gran protein content (%) of the durum wheat cultivar CIRNO C2008. Inoculation x irriga-
could be explained by | tion, Tukey 0.05 = 0.634.

the fact that under this Green ma- Without G. intraradices With G. intraradices

condition they produce nure crop Irrigated Rainfed Irrigated Rainfed Mean
a small amount of Sorghum 9.94 9.71 10.12 10.07 9.96
biomass, which in turn 54 10.12 925 1045 1008 997
o less time }tlo b Control 10.44 9.85 10.71 9.82 10.24
mineralized, and the e 0 i 9.91 8.08 10.28 9.87 9.54
nitrogen becomes im- -

movable for a shorter Maize 10.68 10.25 10.46 9.67 10.27
period of time. Mean 1022 a 943 b 1041 a 9.90 a

Conclusions. The incorporation of leguminous crops as green manure helps to increase wheat grain yield. The use of
mycorrhizae such as G. intraradices as seed inoculants must continue being investigated in order to determine the inter-
actions that provide its optimum use on wheat, as well as the use of irrigation on the production of green manure.
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Evaluation of the biological effectiveness of BTN+ in rainfed wheat.

Javier Ireta-Moreno, Primitivo Diaz-Mederos, and Hugo Flores-Lopez (INIFAP, Campo Experimental Centro-Altos de
Jalisco, km 8 Carr. Tepatitlan-Lagos de Moreno, Tepatitldn, Jalisco CP 47600) and Guillermo Fuentes-Dévila.

Introduction. Intensive agricultural activities constantly deteriorate soil fertility, therefore, the theories of minimum
tillage and the use of plant residues after harvest aim to partially reéstablishing the fertile condition of soils. Soil bacteria
form part of this biological complex and have a key role in production of organic matter. The soil is an ecosystem that
harbors five main groups of microorganisms: bacteria, actinomycetes, fungi, algae, and protozoa are considered inhabit-
ants of the community. Bacteria have a wide biochemical diversity, so they are the most abundant of the groups. The
bacterial population in the soil is large, although individuals measure a few micrometers in length.

The commercial product BTN+ is distributed and commercialized by the company GrowGreen Mexico, a
subsidiary of Bio Tech Nutrients LLC, from Las Vegas, NV, U.S., and it is publicized as ‘plant feed’. BTN+ is composed
of carbon, hydrogen, oxygen, micronutrients, humic acid, fulvic acid, kelp, soil microbia, and enzymes. BTN+ utilizes
energized carbon and bacteria, which according to the company, reduce salts in the soil and consequently reduce the soil
electrical conductivity (EC), making nutrients available to the plant. Our objective was to evaluate the biological effec-
tiveness of BTN+ on wheat cultivar Arandas FO0 under rainfed conditions.

Materials and methods. A randomized complete block design with three treatments and six replication was used for
this study, using bread wheat cultivar Arandas FO0 under rainfed conditions. The study was carried out at the Centro-
Altos de Jalisco Experimental Station, in Tepatitlan, Jalisco, Mexico, during the summer 2009. The soil type where the
experiment was established was a loam-clay, pH 5.0-5.6, with a deficient organic matter content of 0.84-0.90%. The
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sowing date was 9 July,
2009, once the rainfall
period was established. The
treatments were as follows:
1. BTN+, 2. fertilization for-
mula according to INIFAP's
technical recommendation,
and 3. control without any
fertilization (Table 16).

Foliar applications
were made with a manual
sprayer with a 20 L capac-
ity and a Tee Jeet 8004 flat
nozzle using a rate propor-
tional to 200 L/ha of water.
For the INIFAP treatment,
the fertilization formula
180-60-00 was obtained by

Table 16. Application of BTN+ and INIFAP recommended fertilizer formula on bread
wheat cultivar Arandas F90 at the Centro-Altos de Jalisco Experimental Station, in
Tepatitlan, Jalisco, Mexico, during summer 2009.

Treatment Application Date
1% application: 41 L/ha of the liquid product, 9 Jul
sprayed during sowing and on the seed. y
nd 3 3 . 3
2 apphc.atlon. 18 L/ha of Carbon Burst solution 14 August
BTN+ to the foliage.
rd 1 3 . .
3" application: 25 oz/ha (750 mL/ha) of fungi 27 August

cide Quadris two weeks after the 2" application.

4™ application: two weeks later, 18 L/ha of Car-
bon Burst + 10 oz (300 mL) of Quadris.

14 September

INIFAP’s technical | The formula 80-60-00 was applied during sow- | 9 July
recommendation ing.

(160-60-00) Complementary application 80-00-00 9 August
Control No fertilizer application.

a physical mixture of 130.5 kg of the formula 18-46-00 + 145 kg of urea. The experimental plot was 8.0 m x 8.0 m with
a proportional quantity of fertilizer (835.2 g + 928 g of 18-46-00 + urea/experimental plot (64 m?), for the first applica-
tion, and 1,248 g of urea for the second application. The experimental unit was 4.0 m x 4.0 m (16 m?), according to the

protocol.

The variables evaluated were days to flowering, days to physiological maturity, and grain yield (kg/ha). Harvest
was carried out with a Pullman stationary thresher. Three soil samples were taken randomly during sowing; they were
made up of six sub-samples obtained at 0—15 cm depth, which represents the arable horizon.

I?esults and discus- Table 17. Grain yield (kg/ha) of the bread wheat cultivar Arandas FO0 under different nu-
ston. 'Although the trient treatments, at the Centro-Altos de Jalisco Experimental Station, in Tepatitlan, Jalisco,
experiment was estab- Mexico, during summer 2009.
lished once the rainfall z £ S
. Replication
period started, three
weeks later there was Treatment I II 11T 10% \4 VI
a two week interval BTN+ 3,687.50 | 4.859.38 | 4,218.75| 3,765.63 | 2,468.75 | 3,750.00
of drought, which INIFAP (160-60-00) | 3,250.00 | 3,187.50 | 1,531.25| 1,765.63 | 2,937.50 | 5,500.00
somewhat effected the Control 937.50 | 3,250.00 | 2,187.50 | 2,000.00 | 2,000.00 | 1,875.00
overall development of Mean 2,62500 | 3,765.63 | 2,64583 | 251042 | 2468.75 | 3,708.33
the wheat plant, with
a consequent delay in
the application of treatments. Because of this drought, weed control 4000 7
practices were limited, but days to flowering, heading, height, and physi- 35001 :
ological maturity were the same, because the same cultivar was used in 300017 |
all treatments; therefore, data on those parameters is not presented. 2 250017 |
5 2000

Grain yield with BTN+ ranged from 2,468.75 to 4,859.38 kg/ ~ 1500 N
ha, INIFAP’s treatment ranged from 1,531.25 to 5,500, and the control 1o00.r") |
was 937.50 to 3,250.00 (Table 17). BTN+ showed the highest yield in 01
four of the six replications; whereas INIFAP’s treatment was highest b e e o

in two, which included the overall highest yield of 5,500 kg/ha in the
sixth replication. The yield average of the six replications ranged from
2,468.75 to 3,765.63 kg/ha. Average grain yield of the BTN+ treatment
was 3,791.67 kg/ha (Fig. 11), but it was not statistically different from
INIFAP’s treatment (3,028.65) (Table 18, p. 77). Average yield of the
control was 2,041.67 kg/ha, statistically different from the BTN+ treat-
ment, but not from the INIFAP treatment. The grain yield of the control

Fig. 11. Average grain yield of the bread
wheat cultivar Arandas F90 under three
different nutrient treatments at the Centro-
Altos de Jalisco Experimental Station in
Tepatitlan, Jalisco, Mexico, during summer

20009.

Treatment
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indicated a normal Table 18. Analysis of variance and mean comparison of grain yield (kg/ha) of the bread wheat
soil fertility, either cultivar Arandas F90 under different nutrient treatments at the Centro-Altos de Jalisco Experi-
due to residue from mental Station, in Tepatitlan, Jalisco, Mexico, during summer 2009.
the previous crop SV dr SS MS Fe Pr>F
or other factors ot Fry e |2 9.237.657335 | 4818.828.668 |  4.50 0.0403 *
considered in this
study. Replications | 5 5,589,586.046 | 1,117,917.209 1.09 0.4225 NS
Error 10 10,255,506.730 | 1,025,550.670
The study Total 17 25,082,750.110

of the rhizosphere
is complicated,
because three im-

Treatment kg/ha Significance

portant components BTN+ 3,7191.67 a
converge: soil, INIFAP 3,028.65 ab
plants, and microor- | Control 2,041.67 b

ganisms. Microor-

ganisms are highly

influenced by plant exudates, soil pH, and the physico-chemical condition. Exudates reported include carbohydrates of
different types, nucleotides, flavonoids, enzymes, plant hormones, and aminoacids. These compounds are generated by
the photosynthetic and metabolic activity of the plant (carbon compounds, H*, inorganic ions, organic acids, or reduc-
ing agents). To conclude that BTN+ was the best treatment for wheat grain yield under rainfed conditions in Tepatlitan,
Jalisco, Mexico would be biased, because it is not known its composition and the specific effects on the wheat plant or on
the microorganisms present in the soil at the experimental station. Although, the average yield obtained with the BTN+
treatment was the highest, we do not know which factors or elements are induced or those that are inhibited or eliminat-
ed. On the other hand, the highest yield in this study was obtained with the INIFAP treatment (5,500 kg/ha).

Because several aspects were not included in this study, such as the pH behavior in the soil through time in the
different treatments, the identification of population dynamics of the soil microorganisms more representative of the lo-
cation, or the characterization with greater precision of the plant phenology under the different treatments, repeating the
experiment taking into consideration the parameters that were not recorded in this study would be important.
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ITEMS FROM PAKISTAN

NUCLEAR INSTITUTE OF AGRICULTURE (NIA)
Tando Jam, Pakistan.

Karim Dino Jamali.

Breeding for semidwarf and high grain yield wheats.

Wheat is an excellent food crop for Pakistan. Table 1. Area, production, and average yield (2009-10) of wheat

The production of wheat always has been the in Pakistan (Source: Ministry of Food, Agriculture and Livestock,

main occupation of the farmer in the diversified | Islamabad Pakistan).

agroclimatic conditions of Pakistan. The evolu- Area Production Yield

tion of cultivars with high grain yield potential Province (x 10° ha) (x 10° ha) (kg/ha)

and a desirable combination of traits have Punjab 6.894 18.240 2,646

always been the major objectives of our wheat Sindh 1.028 3.650 3551

breeding programs. During 2009-10, a produc- Khyber Pa-

tion 02 29368 x1 Bgf’htoris was "il“;hleved from alrcl1 khtunkhwa (NWEP) 0.752 1.184 1,574

area of 9.0 x ectares. The average yie X

during the year was 2,639 kg/ha (Table 1). Bah.lchlstan 0.368 0.790 2,147
Pakistan 9.042 23.864 2,639

Wheat breeding at NIA, Tando Jam. The ob-

jective of the wheat breeding program is to develop high-yielding wheat cultivars endowed with good quality character-

istics. These cultivars must possess tolerance to biotic and abiotic stresses. The NIA has released 11 cultivars, including
two new cultivars, NIA-Sunhari and NIA-Amber for Sindh province. NIA—Sunhari and NIA—Amber were released on 3
February, 2010.

Salient features of NIA—Sunhari. NIA-Sunhari carries the Rt/ gene and ranges from 90-100 cm. This cultivar
has dark green leaves and possesses a high tillering capacity. NIA—Sunhari was developed for irrigated areas but can
produce better yields under drought conditions. The cultivar has excellent quality characteristics, having high protein
content (14.92%), a higher percentage of wet gluten (32.86%), dry gluten (11.02%), and an SDS value of 30 CC.

Salient features of 22-03, a candidate cultivar. The candidate wheat cultivar was tested in National Uniform Wheat
Yield Trial (NUWYT) during 2008-09. The NUWYT results suggested that 22-03 is completely resistant to leaf and

yellow rusts. The relative rateindex for leaf rust was 8.5 and yellow rust 8.7. Line 20-33 also is moderately resistant

against a local stem rust race. The line yielded 4,267 kg/ha compared with those of the check cultivars (4,098 kg/ha)

under normal sowing conditions. Line 22-30 has a high protein content of 16.42%, a higher percentage of wet gluten
(35.19%), a higher percentage of dry gluten (12.4%), and a high SDS value of 35 CC.

Cooperation with the National Institute of Biology and Genetic Engineering (NIBGE), Faisalabad. A new ad-
vanced line (C7-98-4) has been sent to NIBGE scientists for wheat transformation (genes for phosphorus use efficiency)
during 2008. We are still waiting for the performance of the line.

Collaboration for wheat breeding and genetics during the year 2009-10. Genotypes NIA—Sunhari, 22-03, 54-03,
6-12, and C7-98-4 were sent to the National Agriculture Research Council Islamabad, Pakistan for rust disease screening
Genotypes DTSN-06, DTSN-23, DTNS-26, DTNS-29, and DTSN-33 were sent to the Barani Agriculture Research
Institute, Chakwal, Pakistan, for drought screening. For plant physiological studies related to drought, the genotypes 54-
03, 5-02, NIA—Sunhari, 22-03, and 17-02 were given to the Plant Physiology Division, Nuclear Institute of Agriculture,
Tando Jam.

Zonal/regional trial studies. Two candidate lines, 6-12 and CIM-04-10, were grown in eight sites for zonal trial studies
during the year 2009—10 in the Sindh province.

78




ANNUXL WHEANT NewWSLETTER vV o L. S 7.
Advance Station Trials (Trial I, IT, ITI, and IV). Four trials were grown during the 2008—-09 crop year for yield and
yield component studies. Trial I, Trial II, and Trial III each consisting of 16 genotypes including the two common check
cultivars Sarsabz and Kiran. Trial-IV (isolines) consisted of 34 genotypes including the two checks Sarsabz and Anmol.
The trials had three replicates, six rows with a 4-m row length.

Advance Station Trial I. This trial was sown on 21 November, 2008, and consisted of 14 advanced station lines and
two check cultivars. In this trial, line 10 produced the highest grain yield (1,850 g/plot). Other lines with high grain
yields were 7 (1,817 g/plot), 5 (1,800 g/plot), 9 (1,717 g/plot), 1 (1,692 g/plot), 11 and 13 (1,583 g/plot), and 2 (1,567
g/plot). The possible reasons for the high grain yield in line 10 could be due to an early heading date (70) and better
1,000-kernel weight (42.01 g).

Advance Station Trial II. The trial was sown on 21 November, 2008, and consisted of 14 advanced station lines and
two check cultivars. Line 7 had the highest grain yield (1,817 g/plot) followed by line 9 (1,817 g/plot). Subsequent lines
with high grain yields were 13 (1,600 g/plot), 5 (1,583 g/plot), 2 and 6 (1,550 g/plot), and 3 (1,542 g/plot). Possible rea-
sons for the high grain yield in line 7 could include that it had the highest main spike grain yield and a better 1,000-ker-
nel weight (40.4 g).

Advance Station Trial III. The trial was sown on 4 December, 2008, and consisted of 14 advanced station lines and
two check cultivars. In this comparison, line 11 had the highest grain yield (1,500 g/plot), followed by lines 4 (1,433
2),2 (1,350 g/plot), 5 and 12 (1,325 g/plot), and 9 (1,233 g/plot). The high grain yield in line 11 could due to its high
number of spikelets/spike (20.6).

Advance Station Trial IV (isoline studies). This trial was sown on 13 November, 2008, and consisted of 32 advanced
station lines and two check cultivars. In this comparison, line 30 had the highest grain yield (2,083 g/plot). Other lines
with high grain yields were 29 (2,033g/plot), 7 (1,967 g/plot), 22 (2,025 g/plot), and 7 (1,967 g/plot).

Mutation breeding studies.

Radiation studies in the M, generation. Selected M, plants were grown in progeny rows under normal soil conditions
from irradiated material of cultivars Bhittai and Kiran-95. A total of 97 M, progenies of mutated breeding material were
sown in two replicates with 1-m rows. Data were recorded for morphological characters and days-to-heading under field
conditions. The data for yield and its components are being recorded. Mutant M, plants were selected for M, genera-
tion.

Selected M, bulk material also was grown under saline soil conditions; the salinity ranging from 17 to 41 ECe
ds/m. The trial consisted of irradiated breeding material of the cultivars Bhittai and Kiran-95 planted in six 2-m rows in
three replicates. Data were recorded for morphological characters and days-to-heading under field conditions. The data
for yield and yield components are in progress to be recorded. Mutant M, progenies were selected for M, studies.

Drought tolerance studies.

Thirty-six genotypes of wheat were selected for drought studies during 2009-10. The trial consisted of three replicates;
each entry had two 1.5-m rows. Four treatments were used; treatment 1 had zero/no irrigation, treatment 2 had two
irrigations, treatment 3 had three irrigations, and treatment 4 received four irrigations. The data were recorded for days-
to-heading and plot grain yield (g). Genotype C6-98-7 had an earlier heading date (63 days) under zero/no irrigation
than the check cultivar Margalla (65 days). Genotypes that had a comparatively higher grain yield than the best check
cultivar Margalla (202 g) were 29-02 and C7-98-4 (222 g), C3-98-8 (213 g), CIM-03-2 and C6-98-5 (208 g), CIM-04-1
(212 g), and C2-98-7 (242 g) under zero/no irrigation. The genotype C2-98-7 (317 g) with two irrigation had a higher
grain yield than best check cultivar Margalla (314 g). Other genotypes that had higher grain yields than that of Margalla
(320 g) under three irrigations were 4-03 (322 g), CIM-04-1 (345 g), C2-98-7 (330 g), and C6-98-5 (347 g). With four
irrigations, genotypes with a higher grain yield than Margalla (386 g) were CIM-04-1 (427 g) and C2-98-7 (413 g). The
mean performance over the four treatments showed that the check Margalla was early heading; 70 days. The grain yield
for check cultivars were Margalla (306 g), Khirman (182 g), and Chakwal (182 g). Genotypes with higher grain yiel/plot
were CIM-04-1 (311 g), C2-98-8 (326 g) ,and C6-98-5 (308 g).
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NATIONAL AGRICULTURAL RESEARCH CENTER (NARC), ISLAMABAD
WHEAT WIDE CROSSES AND CYTOGENETICS AND COLLABORATING
NATIONAL PROGRAMS

Islamabad, Pakistan.

Wheat wide crosses and general wheat improvement trends: initiatives and the course ahead.
Mujeeb-Kazi and Alvina Gul Kazi.

Wheat production in 2010 reached near 24 x 10° tons at approximately 2.6 t/ha. The yield projection for the approach-
ing harvest in 2011 has been projected between 24.5 to 25 x 10° tons, and this is primarily due to congenial environ-
mental conditions across the country. No change in the production constraints that prevail to achieve projection targets
was observed. Abiotic stresses of drought and salinity/sodicity remain with heat merging as a major concern due to the
cropping systems that are in place. The rusts still rank as number one biotic stress priority, with yellow and leaf rust the
biggest. Stem rust, around the local race prevalent in lower Punjab and in the province of Sindh, is carefully monitored
because, if confounded by Ug99 when it reaches Pakistan, will pose a serious hazard. National scientists have released
varieties that are Ug99 resistant based upon screening in Kenya and advanced breeding materials in conventional nation-
al breeding programs also are added sources of new resources. Extensive new genetic diversity is crucial for achieving
security against this biotic stress and an on-base research program is a dire need.

A strong prebreeding program firmly in place in Pakistan is paramount and has been initially planned by mid-
2010. Unfortunately, both CIMMYT and ICARDA leadership have set in place an operational plan where the CIMMYT
Pakistan representative has stated that all prebreeding under the Pak-U.S. bilateral alliance will be done in U.S. This is
a set-back to our national efforts, where the forward direction should be to evolve and upgrade the developing country
programs promoting scientific advancement integrated with U.S. elite scientific institutions, which was the spirit earlier
advocated by the Pak/U.S. partners in 2009 and 2010. Our current program is actively involved in prebreeding and has
made impact. International center decisions have not helped our national cause in moving ahead swiftly around vola-
tile young, human, resource strength that is being generated progressively. Despite this temporary constraint, our wide
crossing program is moving ahead and has rapidly restructured around new partners hoping that the earlier linkages will
fall back in place.

Our new Wheat Wide Crosses Program has identified Ug99 resistant lines through crosses involving D-genome
synthetic hexaploid germ plasm. Furthermore, the derivatives also are resistant against the local race of stem rust identi-
fied upon screening in Sindh. The nature of the local race has to be elucidated and the Cereal Disease Program of NARC
is on the front line for this informational sharing. Resistant, derived lines from Wheat Wide Crosses to Ug99 are shown
in Table 1 (p. 82).
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Our Wheat Wide
Crosses Program, due to
prevalent circumstances,
has shifted its major
focus towards intensive
prebreeding areas exploit-
ing novel alien genomic
diversity that could be
readily adapted to national
environmental regimes.
Our main breeding effort
now is structured around
alliances with the pri-
vate sector and the four
agricultural centers of the
Pakistan Atomic Energy
Commission (PAEC). The
PAEC has centers in Sindh
and two in Punjab (Upper)
and KPK (former NWFP).
The Sindh alliance will
allow the province of
Baluchistan to be covered
and then other selected
provincial partners shall
be tapped to facilitate.
Selected locations across
the country allow for hot-
spot sites to be tapped that
permit screening for heat,
drought, salinity, stem rust
local race (SINDH) plus

Table 1. Advanced Ug99 stem rust resistant derivatives from bread wheat cultivars re-
combined with D-genome synthetic hexaploid wheats screened in Kenya under the BGRI
initiated facilitation at the Kenyan Agricultural Research Institute. Reactions are R =
resistant, TR = trace resistant, MR = moderately resistant, MS = moderately susceptible,
M = overlap of MR-MS, MSS = moderately susceptible to susceptible, and S = suscepti-

ble; control disease 90-100S.

Stripe rust Stem rust

Pedigree 25 February | 4 March 17 March
Altar 84/Ae. tauschii (224)//2*YACO/3/
Mayoor//TKSN1081/Ae. tauschii (222)/4/ 15SM 10M 20M
Kukun/5/Altar 84/Ae. tauschii (221)/YACO
KAUZ/5/68.111/RGB-U//WARD RE-
SEL/3/STIL/4/Ae. tauschii (431) SMR 10M ISM
Opata//DOY 1/Ae. tauschii (255) 10M SMR 10MR
BKH93/Flycatcher 30MSS 20M 30M
Bakhtawar 94/5/68.111/RGB-U//WARD
RESEL/3/STIL/4/Ae. tauschii (431) ISM I5M 20M
CPI/GEDIZ/3/GOO//JO69/CRA/4/Ae.
tauschii (208)/5/0APTA/5/68.111/RGB-
U// WARD RESEL/3/STIL/4/Ae. tauschii 308 SMR IOMR
(783)
Mayoor//TK SN1081/Ae. tauschii (222)/3/
OPATA/6/68.111/RGB-U//WARD/3/ 40M 15M 20M
FGO/4/RABI/5/Ae. tauschii (878)
Opata//CETA/Ae. tauschii (1027) 0 15M 20M
Worrakatta/Pastor//SHR 50S 10M 15M
PFAU/Weaver*2//Kiritati/3/WAFAQ SMR SM 10M
WL6736/5/2*BR12*3/4/IAS55*%4/C114123/3/
WAFAQ SMR 10M 15M

bread-making quality aspects, leaf and stem rust, spot blotch, drought (Lower Punjab), drought (Upper Punjab), yellow
rust, aphids, BYDV (KPK), and drought (Baluchistan).

The pivot location where Wheat Wide Crosses Program is located (Islamabad) concentrates on prebreeding plus
basic research to feed material to all locations and maintain wider international ties in addition to those with CIMMYT/
ICARDA and embrace all regional programs that surround Pakistan to the west, east, and northeast. This modified struc-
ture allows the wide cross group to concentrate on basic prebreeding and strategic aspects of genetic recombinations with
the applied parts exploited by other location partners through their major expertise on breeding.

Our group now focusses on screening for karnal bunt, biochemical quality aspects, all in vitro testings for abi-
otic stresses, molecular diagnostics, doubled haploidy, micronutrient assays and cytogenetics plus maintenance of genetic
stocks and wild species with depositions of appropriate categorized germplasms in the national gene bank also in NARC

in PGRI at Islamabad.

Current progress in the Wide Cross Program during mid-2006 to mid-2010, via the support of three major re-
search projects, led to the modest development of an infrastructure including greenhouses, screenhouses, field, and labo-
ratories that undertake activities on stress physiology, cytogenetics, biochemical genetics, molecular diagnostics, doubled
haploidy, growth rooms and seed storage capacity around the programs working with the germ plasm collection.

The second major output has been a human resource development from internees, degree holders at the M. Phil
and Ph.D. levels, research fellows and assistants, plus trained support staff that hold high school degrees (ayudantes in
Spanish or skilled labor). The total output number has been 70 in approximately four years (September 2006 until June

2010).
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The third component of the program has been research out- \
put, and the current status is the generation of advanced F, lines (KAZI
1-9, 11-13) that have seed distributed across the country for testing
and increase. These are introduced and adapted lines from international
nurseries and also those generated from wheat/synthetic hexaploid crosses
made within our program. The SSR-based diversity profiles of these lines
will allow us to differentially deploy cultivars in the near future across
the country and safeguard our food security through possessed genetic
variation across a wide genetic base. The line KAZI 11 is early maturing,
possesses multiple resistances, and is a good candidate for the province of
Sindh. KAZI 11 is resistant to both the local stem rust race and Ug99. A
field plot at a private partner location in Punjab (RCA Seeds) exemplifies
our applied effort (Fig. 1).

Fig. 1. Acollaborating scientist from
the RCA seeds in the KAZI 11 plot at
Khanewal, Punjab, during the 2010-11
In addition, 1,000 elite selections from the F, to F, generations, crop cycle.

derived from our main recombination programs where hexaploids of the A

and D genome have been crossed onto elite bread wheat cultivars, are be-

ing studied for various attributes. We also have 60,000 derivatives from F, to F, generations, various mapping popula-

tions, cytogenetic stocks, and wild species from all three Triticeae gene pools.

Students who have been involved in the program are major contributors and the articles that follow this intro-
duction show the potential of the germ plasm that has been generated for various production stress constraints. These
introductory perceptions address investigations conducted by our young human resource talent on resistance/tolerance
to rust, Karnal bunt, powdery mildew, spot blotch, heat, salinity, drought, DNA fingerprint diversity using RAPDs and
SSRs, and bread-making quality. The outputs are based upon national testing, collaborative alliances (national/interna-
tional), and field and controlled environment testing.

The way forward: some perceptions.

National organizational changes have set in and will be implemented by mid-2011. Food security will remain a key
concern and, as wheat research progresses, a substantial strategic change is advocated. The immediate major benefit
will come from management aspects and these could pay off swift dividends that appear unimaginable if set in place
appropriately. The research program alliances of interest will have to be formulated that can address and exploit at least
some of the following:
— exploit the global elite durum cultivar diversity for improving bread wheat via pentaploid breeding,
— target tetraploids identified for heat and drought tolerance for bread wheat improvement, e.g., T. turgidum
subsp. dicoccum,
— incorporate bread wheats with large spikes in the breeding program with a selection sieve for optimum grain
filling, grain number/spike, and improved tillering capacity,
— investigate early maturity to address climate change and global warming,
— micronutrient enrichment, an interest for wheat breeders, requires greater attention,
— encourage cotton and rice breeders to produce early maturing types as these two crops fall in the wheat crop-
ping system of rice/wheat and cotton/wheat cycles,
— give greater attention to wheat/alien chromosome translocations on the applied dimensions through earlier
available stocks or by producing new products mediated by cytogenetic protocols of manipulation,
— have in place a volatile program on doubled haploidy to assist national breeding partners for applying the pro-
tocol at least by the F, and,
— infuse molecular diagnostics for adding efficiency to breeding to allow marker-assisted trait incorporation to
flourish.

There is interest in hybrid wheat and transgenics; two areas that could be contemplated upon and addressed
through multidisciplinary integration of expertise. Double haploidy has a role in both programs where for heterotic
F s to be fixed or transgenics made homozygous on T plants, a massive effort is required. At present, using the maize
protocol is the key, but for the future, microspore culture if genotype nonspecific could do wonders for wheat breeding
efficiency. Other aspects that can augment yield need to be observed and should be integrated into programs as these

82



ANNUXL WHEANT NewWSLETTER vV o L. S 7.
become available. Some are experimental but a C4 wheat or bringing the rice resistance for rust into wheat may be a
long shot. However, innovative means of using genomic diversity through gene pyramiding, another look at Triticale or
even durum as a new crop addition. should be within our national reach to address when we are projecting to the national
vision of 2050 based upon prebreeding, genetic diversity, and the ‘Green-to-Gene Revolution’.

Evaluation of Elite-I synthetic hexaploid germ plasm for various phenological, molecular, and
disease attributes.

Alvina Gul Kazi, Awais Rasheed, Farrukh Bashir, Hadi Bux, Abdul Aziz Napar, and Abdul Mujeeb-Kazi.

In the primary gene pool of wheat, the species included are hexaploid landraces, cultivated tetraploids (2n=4x=28,
AABB), wild T. turgidum subsp. dicoccoides, and the diploid (2n=2x=14) donors of the A and D genomes to durum/
bread wheats. In this gene pool, genetic transfers result through direct hybridization, homologous recombination, and
relatively simple breeding strategies. Some combinations requirethe assistance of embryo rescue and are of greater inter-
est for enhancing diversity in bread wheat. The goat grass Ae. tauschii (2n=2x=14, DD) currently occupies a very high
priority in wheat breeding.

Conventional wheat breeding programs are built around diverse cross combinations of germ plasm residing in
the same gene pool that undergo genetic recombination followed by trait segregation, evaluation, and ultimately culti-
var release. In order to amplify the genetic diversity of the crop, novel genetic resources become a focus and the close
progenitors of wheat are preferred; these are the numerous accessions of the A, B, and D genomes. Within this spectrum,
the A and D genomes have greater advantage than B essentially because of their proximity to the A and D sets present
in bread wheat and also based upon cytogenetic test analyses that indicate greater closeness of the seven chromosomes
of the D-genome wild diploids than the A-genome chromosomes with their respective D and A genomes. Accessions
of these two diverse sources reside in the primary gene pool, can be hybridized with ease, allow for swift gene transfer
via homologous recombination, and have extensive diversity for global biotic/abiotic stress/constraints that limit wheat
production.

Greater genetic proximity tilts the optimum choice towards the exploitation of the D-genome diploid Ae.
tauschii and also because few accessions were involved in the natural hybridization/amphiploidization event, thus giving
rise to a crop with an extremely narrow genetic base. Complementary to this are observations associated with the Ae.
tauschii role that have enabled current investigators to focus their wheat improvement efforts around this wild diploid via
various protocols.

Elite-I subset advance. The 95 primary synthetics were studied for their phenotypic and molecular characterization
together with screening against Karnal bunt, stripe rust, and powdery mildew. The phenotypic characters were days-to-
flowering, days-to-physiological maturity, height at maturity, presence or absence of pubescence and pigmentation, and
1,000- kernel weight. Molecular characterization for establishing DNA diversity profiles was done via RAPDs and SSR
microsatellite markers.

All the 95 Elite-I entries were screened in pot trials in the greenhouse at Murree. Fourty-four accessions of 95
the Elite-1 SH wheats showed a resistant reaction at seedling stage (Table 2, pp. 84-86). Infection type ranged from 0-6
at the seedling stage indicating the presence of major genes for resistance. Some of these resistant accessions exhibited
different reaction types against powdery mildew under field conditions. The Elite-I entries also were screened under
field conditions at Kaghan and majority showed APR and were found to be resistant to completely resistant (immune).

In the Elite-I, 44 accessions showed resistance against powdery mildew at both seedling and adult-plant stages,
including 6,7, 8, 11, 14,25,27,32,34,36,37,38,40,42,43,44,45,47, 48,49, 50, 51, 52,53, 54,55,56,57,59, 60,
62,64,68,69,70,71,78,79,81,83,84,90,91, and 93. All these lines with excellent resistance against powdery mil-
dew can be used in direct crosses with elite commercial wheat cultivars for further exploitation as sources of resistance
against powdery mildew for wheat improvement.

Another category of the germ plasm included the accessions with APR but susceptible at the seedling stage.
This high value APR is needed by breeders and agronomists for introducing durable powdery mildew resistance in elite
commercial cultivars and is controlled by different minor genes independently or group of genes working together mak-
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Table 2. Phenological and disease characterization of the D-genome synthetic hexaploids in the Elite-I set. FLOW =
days-to-flowering; HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery white, Y =
yellow, and DB = dark brown); PMA = days-to-physiological maturity; TKW = 1,000-kernel weight (g); G/S = number
of grains/spike; SL = spike length (cm); KB = Karnal bunt (- = immune, + = susceptible); Pm (S) = powdery mil-
dew screening at the seedling stage; Pm (A) = powdery mildew screening at the adult-plant stage; Yr (S) = stripe rust
screening at the seedling stage; Yr (A) = stripe rust screening at the adult-plant stage where R = resistant, TR = trace
resistant, MR = moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS, MSS = moderately
susceptible to susceptible, S = susceptible, and TS = trace susceptible.

No. | FLOW HT AWN PMA TKW G/S SL KB | Pm(S) | Pm(A) | Yr(S) Yr (A)
1 104 100 LB 144 52.3 22 12.0 — 1-1 6 1 R
2 89 110 LB 130 59.6 43 12.0 — 1-1 7 1 0
3 102 95 LB 136 59.7 31 12.0 - 2-1 6 0 SMRR
4 85 115 W 120 43.0 23 8.0 + 1-1 6 78 20MR
5 99 120 LB 140 57.0 38 12.0 + 0-0 5 78 5R
6 99 100 DB 136 544 20 122 + 0-0 3 1 5R
7 96 105 \\4 132 46.7 10 10.2 - 1-1 2 0 20S
8 100 110 \\4 132 594 25 7.2 — 1-1 3 0 0
9 96 135 \\4 134 53.7 14 8.0 — 1-1 4 78 0
10 117 85 DB 152 524 9 14.0 — 1-1 4 12 TMS
11 100 110 DB 144 55.6 13 12.0 — 3-1 2 12 10S
12 85 115 DB 127 62.2 14 11.0 + 1-1 4 56 20MS
13 110 105 DB 148 55.5 48 7.0 - 1-1 4 7 10MS
14 93 115 w 130 59.0 42 14.0 - 1-1 3 0 408
15 106 115 B 144 60.0 10 11.0 - 1-1 4 7 40MS
16 100 95 \\4 134 559 9 9.0 — 1-1 5 4 408
17 99 100 DB 134 60.0 54 13.7 — 1-1 4 78 50S
18 110 105 B 148 58.8 10 13.2 — 3-2 5 7 20MSS
19 96 105 B 134 57.7 15 12.0 - 1-1 5 1 30MR
20 99 100 W 136 50.8 14 10.0 + 2-1 5 12 20MRMS
21 110 105 w 144 59.6 12 10.5 - 2-1 4 34 MSS
22 110 105 LB 148 53.1 15 9.0 — 2-1 4 89 S
23 106 105 DB 148 559 18 123 - 1-1 4 67 40MRMS
24 99 90 LB 134 54.8 16 12.0 — 1-1 4 12 40MS
25 100 105 LB 136 52.6 12 13.0 — 1-1 3 0 10MS
26 85 125 DB 127 60.5 49 9.2 — 1-1 6 67 40MSS
27 117 90 B 152 532 28 7.3 - 1-1 3 1 10R
28 119 100 LB 152 49.5 11 12.5 - 1-1 7 34 20MSS
29 100 105 w 132 47.5 6 11.0 + 1-1 4 12 20MRMS
30 110 100 B 148 38.0 12 14.0 - 1-1 5 12 40MRMS
31 96 115 LB 134 55.6 23 142 - 1-1 5 45 60MRMS
32 99 100 \\4 134 54.0 16 14.0 + 1-1 3 0 0
33 96 120 \\4 134 334 14 13.0 + 1-1 4 89 50S
34 96 110 LB 130 58.1 10 14.0 — 1-1 2 0 20S
35 106 100 LB 148 325 17 14.3 — 1-1 4 0 10R
36 96 110 LB 144 60.1 13 14.5 - 1-1 2 0 20MRR
37 96 125 LB 134 589 15 12.0 - 1-1 2 12 40MS
38 99 110 LB 136 52.1 23 14.0 - 1-1 3 56 50MS
39 99 100 LB 134 30.2 38 14.0 - 1-1 5 12 40MS
40 100 115 LB 138 51.0 10 15.5 + 2-1 2 0 TR
41 99 120 LB 136 48.7 16 14.2 — 1-1 4 0 TR
42 96 105 LB 134 46.5 9 14.8 + 1-1 3 12 20RMR
43 104 120 LB 144 50.7 13 11.0 — 1-1 3 12 40MRMS
44 93 125 B 134 58.2 17 12.0 - 1-1 3 12 20MRMS
45 93 125 B 130 554 28 9.0 - 1-1 2 23 60MSS
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Table 2. Phenological and disease characterization of the D-genome synthetic hexaploids in the Elite-I set. FLOW =
days-to-flowering; HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery white, Y =
yellow, and DB = dark brown); PMA = days-to-physiological maturity; TKW = 1,000-kernel weight (g); G/S = number
of grains/spike; SL = spike length (cm); KB = Karnal bunt (- = immune, + = susceptible); Pm (S) = powdery mil-
dew screening at the seedling stage; Pm (A) = powdery mildew screening at the adult-plant stage; Yr (S) = stripe rust
screening at the seedling stage; Yr (A) = stripe rust screening at the adult-plant stage where R = resistant, TR = trace
resistant, MR = moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS, MSS = moderately
susceptible to susceptible, S = susceptible, and TS = trace susceptible.

No. | FLOW HT AWN PMA TKW G/S SL KB | Pm(S) | Pm(A) | Yr(S) Yr (A)
46 96 100 LB 144 574 18 12.0 - 2-1 6 45 20MS
47 96 125 LB 130 55.9 20 12.0 — 1-1 2 45 40MS
48 100 100 LB 148 54.9 22 12.0 + 1-1 2 1 0
49 76 135 DB 115 44.7 5 10.0 — 1-1 3 1 0
50 85 110 LB 127 57.8 20 10.0 — 1-1 3 0 0
51 85 110 LB 127 51.2 6 12.3 — 1-1 2 1 SMRR
52 99 105 LB 134 542 12 14.0 — 1-1 3 0 0
53 96 90 LB 127 534 8 14.2 — 1-1 3 4 40MSS
54 110 120 LB 148 423 23 14.0 — 0-0 3 0 40MSS
55 99 125 LB 144 54.7 23 14.0 + 0-0 3 8 SR
56 112 115 LB 148 54.8 9 10.0 - 1-1 3 1 30MS
57 112 110 LB 148 50.0 5 12.0 - 2-1 1 45 50S
58 110 115 LB 144 49.0 8 12.0 - 1-1 3 78 10MS
59 99 90 B 134 49.5 11 10.2 + 0-0 4 45 40MS
60 96 120 B 134 524 16 14.0 — 1-1 3 1 20MR
61 100 115 LB 144 54.1 61 14.2 — 1-1 3 1 708
62 96 110 LB 136 52.8 46 13.0 - 2-1 5 67 SMRMS
63 96 115 LB 136 52.7 8 11.0 - 1-1 2 12 10R
64 100 115 LB 152 38.8 58 9.3 + 1-1 4 0 0
65 117 125 LB 152 43.8 22 15.2 - 2-1 3 78 0
66 106 115 LB 152 414 15 14.0 + 1-1 5 4 60MS
67 106 110 B 144 67.6 14 12.0 — 1-1 5 8 40MS
68 117 105 LB 150 58.3 4 8.0 — 1-1 5 8 30MS
69 112 120 LB 144 59.5 10 14.0 — 1-1 2 8 0
70 99 115 LB 134 579 15 10.2 - 1-1 2 34 60S
71 110 105 LB 144 47.1 30 12.0 - 1-1 3 12 10MS
72 100 105 LB 136 60.8 21 14.3 - 1-1 1 12 80S
73 96 120 LB 130 56.8 9 13.3 — 1-1 5 78 80S
74 96 105 LB 130 57.6 18 11.2 — 1-1 6 34 10R
75 99 95 LB 130 53.7 17 14.3 — 2-1 4 89 508
76 96 90 LB 134 48.7 18 14.3 — 1-1 5 0 40MS
77 99 95 LB 134 493 5 12.0 — 1-1 6 1 40MSS
78 100 95 LB 136 49.1 15 14.0 - 1-1 5 78 0
79 108 90 DB 140 55.7 12 16.0 + 1-1 1 89 0
80 99 140 LB 134 59.0 12 16.0 - 1-1 1 0 0
81 115 110 LB 152 46.8 18 16.0 — 1-1 1 89 708
82 115 105 LB 152 450 20 16.0 — 1-1 5 0 50R
83 96 135 LB 130 60.4 14 15.2 — 1-1 2 0 20MRMS
84 89 95 LB 127 56.9 13 16.0 — 1-1 6 78 5R
85 102 100 LB 138 56.8 19 15.0 — 1-1 3 1 10MR
86 99 105 LB 136 55.7 15 15.0 - 1-1 2 0 10MR
87 96 100 LB 138 54.4 16 15.0 - 1-1 5 0 10MR
88 96 120 LB 134 49.0 18 14.0 - 1-1 5 0 5R
89 108 110 DB 146 58.1 15 14.0 — 1-1 5 0 0
90 84 140 B 137 63.2 16 16.0 — 1-1 4 12 50S
91 96 90 LB 134 57.1 13 15.2 — 1-1 4 0 0
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Table 2. Phenological and disease characterization of the D-genome synthetic hexaploids in the Elite-I set. FLOW =
days-to-flowering; HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery white, Y =
yellow, and DB = dark brown); PMA = days-to-physiological maturity; TKW = 1,000-kernel weight (g); G/S = number
of grains/spike; SL = spike length (cm); KB = Karnal bunt (- = immune, + = susceptible); Pm (S) = powdery mil-

dew screening at the seedling stage; Pm (A) = powdery mildew screening at the adult-plant stage; Yr (S) = stripe rust
screening at the seedling stage; Yr (A) = stripe rust screening at the adult-plant stage where R = resistant, TR = trace
resistant, MR = moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS, MSS = moderately

susceptible to susceptible, S = susceptible, and TS = trace susceptible.

No. | FLOW HT AWN PMA TKW G/S SL KB | Pm(S) | Pm(A) | Yr(S) Yr (A)
92 96 115 LB 134 572 14 15.0 — 1-1 2 78 0
93 77 127 145 119 48.4 16 15.0 — 1-1 3 12 40MS
94 106 105 LB 138 56.1 30 15.0 - 1-1 5 12 20MS
95 99 105 LB 138 62.0 28 15.0 — 1-1 2 0 0

ing it difficult for a new race of pathogen to overcome the plant resistance. The 49 Elite-I accesions were 2, 3,4,5,9,
10,12,13,15,16,17, 18, 19,20, 21, 22,23, 24, 26, 28,29, 30, 31, 33, 35, 39,41, 46, 52,61, 63, 65, 66, 67,72, 73, 74,
75,76,71, 80, 82, 85, 86, 87, 88, 89, and 92.

The third category had moderate resistance or was susceptible to powdery mildew at both seedling and adult-
plant stages. The Elite-I accessions with an intermediate resistance or susceptible to powdery mildew at the seedling
stage are 1,3,4,5,9,10,12,13,15,16,17, 18, 19, 20, 21, 22, 23, 24, 26, 29, 30, 31, 33, 35,39, 41, 46, 58, 61, 63, 65,
66,67,72,73,74,75,76,77, 80, 82, 85, 86, 87, 88, 89, and 92.

Stripe rust studies. Seedling screening showed that 63 out of 95 (66.3%) in Elite-I exhibited seedling resistance to
stripe rust (Table 2, pp. 84-86). These genotypes also were screened for APR under field conditions at NARC; 40 of the
95 (42.1%) were resistant genotypes. Thirty-one (32.6%) genotypes had both seedling and APR (1,2,3,6,8,19,27,32,
35,36,40,41,42,48,49,50,51,52,55,63, 64,74, 80, 82, 85, 86, 87, 88, 89,91, and 95). All this germ plasm repre-
sents the presence of major genes against stripe rust and can be exploited further in breeding programs.

Adult-plant resistance involving susceptibility at the seedling stage and resistance only at the adult-plant stage
indicates the presence of minor genes, which are considered of great importance against rust diseases in acquiring du-
rable resistance. In the Elite-I, nine lines (9%), including 4,5, 9, 65, 69, 78,79, 84, and 92, showed APR and are good
candidates for providing durable resistance to wheat cultivars.

Karnal bunt studies. Karnal bunt evaluation was done by
examining the grains following artificial inoculation. Grains y P ] g
from each entry were examined separately after hand thresh- 3 ' “| \ 3
ing. The rating scale was from O to 5 (Fig 2). Only a rating _ ny

of 0 was considered acceptable and 1-5 as susceptible. In the ' .’ Y ‘

Elite-1, 79 entries (83.1%) were found to be completely im-
mune to Karnal bunt, including 1, 2,3,7,8,9, 10, 11, 13, 14,
15,16,17,18,19,21,22,23,24,25,26,27,28, 30,31, 34, : s T\
35,36,37,38,39,41,43,44,45,46,47,49, 50,51, 52, 53, | |
54,56,57,58, 60,61, 62,63, 65,67,68,69,70,71,72,73, ‘

74,75,76,77,78, 80, 81,82, 83, 84, 85, 86, 87, 88, 89,90, 91, 5

92,93, 94, and 95 (Table 2, pp. 84-86).

Fig. 2. Infection severity scale caused by Karnal bunt,
Molecular studies. Genetic diversity evaluation using 0 = zero infection to 5 = a completely bunted grain

random amplified polymorphic DNA RAPD primers. RAPD  |(Warham et al. 1986).

primers were used for genetic diversity evaluation of these

D-genome synthetic hexaploids. All 520 RAPD primers of the Operon Series were screened, and working primers were
identified and applied to detect genetic polymorphism at DNA level. Samples that did not amplify were not included in
the analysis.

Genetic analysis was performed only on the scorable bands. Each single band was considered as a single locus/
allele. The loci were scored as present/absent. Bivariate data 1-0 were used to estimate genetic distances (GD). Un-
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weighted pair group of arithmetic means (UPGMA) function estimated genetic distances between the genotypes as fol-
lows: GD =1- dxy/dx + dy —d . where GD = genetic distance between two genotypes, d, = total number of common
loci (bands) in two genotypes, d_= total number of loci (bands) in genotype 1, and d = total number of loci (bands) in
genotype 2.

. fTh? effi- | Table 3. Molecular fingerprinting pattern by RAPD analysis in the Elite-I D-genome synthetic
Clency ol primers | hexaploid set.
to amplify the Total | Polymorphic % Samples | Scorable | Amplification
genotypes ranged Primer | loci loci polymorphism | amplified | Bands | product range (bp)
frt?ﬁ a ma’ilmum OPF-1 3 3 100% 24 36 500-1,500
‘(’OPG%’S)O P [ opF3 2 2 100% 5 5 500-1,000
o minimam of OPF-4 2 2 100% 21 37 1,500-2.,000
fwo genotypes OPF-8 4 4 100% 14 19 500-1,500
(OPH-4) in Elite-1 | OPF-10 4 4 100% 6 11 1,000-2,000
(Table 3). Scora- | OPF-13 7 7 100% 28 70 500—2,000
ble bands ranged | OPF-18 5 5 100% 10 14 500-2.,000
from five (OPF-3) | OPE-20 5 3 60% 8 14 500-2,500
to 92 (OPG-6) OPG-2 5 5 100% 33 58 750-2,000
(Table 3). Ge- OPG-4 1 1 100% 14 14 1,500-2,000
gf:;j‘;jllz;fn"f OPG-5 2 0 0% 6 12 250-750
showed that the OPG-6 9 9 100% 36 92 250-2,500
total number of OPG-9 4 4 100% 15 30 750-2,000
loci for Elite-I OPG-11 4 4 100% 7 13 750-2,500
was 92, of which | OPG-12 8 8 100% 41 89 250-2,500
82 were poly- OPG-13 3 3 100% 7 17 250-1,000
morphic with a OPG-17 1 1 100% 5 5 250-500
percentage of OPG-18 2 2 100% 8 8 250-1,000
89.13% (Table 3). [ opG-19 5 5 100% 18 47 750-1,500
zgif:‘;gaigsf s [opn2 2 0 0% 3 6 250-1,000
from 2503000 | OPH-3 5 5 100% 5 12 500—2,000
bp. ’ OPH-4 5 3 60% 2 6 500—1,500
OPH-9 4 2 50% 6 16 500—2,000

Similarity matrix.

A bivariate analysis generated a similarity matrix and dendrogram using Nei and Li’s coefficient to estimate genetic di-
versity. The value of the similarity matrix ranged from 63.0% (minimum), between genotypes 49 and 51 and 51 and 53,
and 100% (maximum), between genotypes 18 and 68, 18 and 89, 18 and 91, 18 and 93, 68 and 89, 68 and 92, 68 and 94,
80 and 83, 80 and 84, 89 and 92, 89 and 94, and 92 and 94, in the Elite-I.

Dendrogram interpretation. The genetic distance between genotypes were used to construct a dendrogram by UPGMA
analysis for determining the grouping of the lines on the basis of similarities and differences. In the Elite-I, the dendro-
gram represents one main cluster with subclusters A, B, and C (Fig. 3, p.88). Subcluster A has 15 genotypes containing
genotype 15 as the most diverse line in the entire Elite-I. Other good lines in subcluster A are 46,47, and 49. In subclus-
ter B, there are 21 entries of which 73 is the most diverse; lines 81, 83 and 84, and 78 and 80 are 100% similar to each
other. Line 73 is the most diverse line in this subcluster and 69, 70, and 77 are other good lines. Subcluster C can be
further divided into five groups, from C1 to C5. Group C1 contains four genotypes with entry 3 as the most diverse line.
Group C2 has seven genotypes of which 25 and 30 are the best to recommend. Group C3 has seven genotypes, again
with 11 and 14 as the best genotypes. Group C4 represents the largest group in subcluster C with 32 genotypes, lines 18,
68, 89,92, and 94 show 100% similarity. Line 59 stands out as the best line, followed by 23,37, and 42. Subcluster C5
has nine genotypes of which 1 and 4 represent the best lines.

Molecular studies. Evaluation of genetic diversity using simple sequence repeat (SSR) primers. SSR primers were
used for genetic diversity evaluation of A-, B-, and D-genome synthetic hexaploids. All 275 SSR primers were applied
to each set to detect genetic polymorphism at DNA level (Table 4, pp. 89-90). Samples that did not amplify were not
included in the analysis.
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Fig. 3. A dendrogram of the genetic diversity in the Elite-I synthetic hexaploids, evaluated using random amplified
polymorphic DNA (RAPD) primers, with one main cluster and three subclusters A, B, and C.

Genetic analysis was performed only on the scorable bands. Each single band was considered as a single
locus/allele. The loci were scored as present/absent. Bavariate data 1-0 were used to estimate the GD as for the RAPD
markers. The efficiency of the primers to amplify the genotypes ranged from maximum 92 genotypes (Xgwm645-3D,
Xgwm149-4B, Xgwm550-1B, Xgwm264-1B, Xgwm169-6A, and Xgwm4-4A) to the minimum of two genotypes (Xg-
wm459-6A) in the Elite-I (Table 4, pp. 89-90). Scorable bands ranged from two (Xgwm459-6A) to 430 (Xgwm219-6B)
(Table 4, pp. 89-90). A genetic analysis of the population showed that the total number of alleles for the Elite-I was 452,
of which 431 were polymorphic (95.35%).
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Table 4. Molecular fingerprinting pattern using SSR markers in Elite-I set of D-genome synthetic hexaploids.
Total | Polymorphic % Samples | Scorable Amplification

Primer loci loci polymorphism | amplified bands |product range (bp)| PIC
Xgwm33-1A 8 8 100% 90 185 50-250 0.14
Xgwm99-1A 7 7 100% 86 175 50-150 0.54
Xgwml35-1A 4 4 100% 27 44 150 0.53
Xgwml36-1A 6 6 100% 72 86 250-400 0.90
Xgwml64-1A 4 4 100% 80 131 100-150 0.39
Xgwm497-1A 4 4 100% 46 85 100 042
Xgwm?71.1-2A 5 5 100% 86 257 50-150 0.90
Xgwm359-2A 2 2 100% 8 8 250 0.72
Xgwm497-2A 4 4 100% 77 148 100-150 041
Xgwm558-2A 5 5 100% 85 183 50-150 0.55
Xgwm?2-3A 7 3 33.33% 82 109 50-100 0.82
Xgwm391-3A 6 6 100% 28 39 150 0.65
Xgwm4-4A 10 10 100% 92 304 50-600 0.75
Xgwm160-4A 6 6 100% 75 115 50-250 0.72
Xgwm610-4A 4 4 100% 81 175 50-150 0.73
Xgwml26-5A 5 5 100% 12 24 800-1,000 0.55
Xgwm617-5A 7 7 100% 89 212 50-150 0.62
Xgwm169-6A 4 4 100% 92 114 200 0.87
Xgwm459-6A 2 2 100% 2 2 50 0.73
Xgwm494-6A 2 2 100% 78 124 100-150 0.67
Xgwm570-6A 4 4 100% 29 122 200 0.71
Xgwml130-7A 4 4 100% 27 44 50-150 0.05
Xgwm332-7A 9 9 100% 90 230 50-500 0.57
Xgwm350-7A 3 3 100% 35 38 50-150 0.51
Xgwm635-7A 4 4 100% 25 38 50-100 0.73
Xgwml140-1B 8 8 100% 86 107 50-400 0.28
Xgwm?264-1B 8 8 100% 92 313 50-200 0.69
Xgwm403-1B 2 2 100% 19 20 100 0.57
Xgwm550-1B 12 12 100% 92 359 50-200 0.75
Xgwm47-2B 8 8 100% 81 149 200 0.62
Xgwm?210-2B 5 3 100% 90 225 50-200 0.86
Xgwm?257-2B 12 12 100% 91 216 200-400 0.72
Xgwmll2-3B 5 5 100% 89 159 50-100 0.40
Xgwm264-3B 11 11 100% 74 224 150-1000 0.84
Xgwm?284-3B 4 4 100% 37 99 500-1000 0.75
Xgwm493-3B 4 4 100% 85 113 150-200 0.22
Xgwm533.1-3B 3 3 100% 36 36 100-150 0.46
Xgwm6-4B 6 6 100% 36 105 50-300 0.06
Xgwml149-4B 4 4 100% 92 104 150 0.14
Xgwml91-5B 10 10 100% 82 138 50-150 0.54
Xgwm234-5B 16 16 100% 87 346 200-1,000 0.90
Xgwm371-5B 3 3 100% 65 126 50-150 0.39
Xgwml93-6B 6 6 100% 91 137 50-150 042
Xgwm?219-6B 16 16 100% 88 430 50-1,000 0.90
Xgwm508-6B 5 5 100% 63 120 150-200 0.72
Xgwm613-6B 3 3 100% 7 11 150 041
Xgwm626-6B 4 4 100% 86 163 50-150 0.55
Xgwm43-7B 5 5 100% 90 160 50-1,000 0.82
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Table 4. Molecular fingerprinting pattern using SSR markers in Elite-I set of D-genome synthetic hexaploids.
Total | Polymorphic % Samples | Scorable Amplification

Primer loci loci polymorphism | amplified bands |product range (bp)| PIC
Xgwm46-7B 5 5 100% 15 23 200 0.65
Xgwmo68-7B 5 5 100% 90 286 50-200 0.75
Xgwml46-7B 4 4 100% 76 162 50-200 0.72
Xgwm344-7B 6 6 100% 64 93 100-150 0.73
Xgwml106-1D 4 4 100% 81 124 50-150 0.55
Xgwm?232-1D 5 5 100% 84 123 50-150 0.62
Xgwm458-1D 4 4 100% 67 93 50-100 0.53
Xgwm642-1D 11 11 100% 80 301 50-1,000 0.87
Xgwml102-2D 6 6 100% 64 69 150-200 0.73
Xgwm261-2D 6 6 100% 91 184 50-200 0.67
Xgwm515-2D 4 4 100% 30 85 50-150 0.71
Xgwm645-3D 2 2 100% 92 104 50-300 0.05
Xgwm3-3D 3 3 100% 24 28 50-100 0.57
Xgwml83-3D 7 7 100% 75 128 50-150 0.51
Xgwm383-3D 8 5 62.5% 75 153 50-150 0.73
Xgwm608-4D 8 8 100% 85 216 100-1,000 0.28
Xgwml182-5D 5 5 100% 79 106 50-200 0.69
Xgwml190-5D 5 5 100% 88 135 150-200 0.57
Xgwm?292-5D 6 6 100% 23 27 50-200 0.75
Xgwm565-5D 10 10 100% 78 332 50-1,000 0.62
Xgwm583-5D 4 100% 91 115 150-200 0.86
Xgwm55-6D 4 4 100% 87 152 50-100 0.72
Xgwm325-6D 4 4 100% 69 90 50-150 0.40
Xgwm469-6D 13 11 84.61% 87 253 50-1,000 0.84
Xgwm44-7D 8 8 100% 88 276 50-1,000 0.75
Xgwm428-7D 12 2 16.66% 79 100 50-1,000 0.22
Xgwm437-7D 5 5 100% 86 102 50-100 0.46

Similarity matrix. A bivariate analysis was conducted to generate a similarity matrix and dendrogram using Nei and Li’s
coefficient (1979) to estimate genetic diversity (Fig 4, p. 91). The value of similarity matrix ranged from 64.9 (mini-
mum) between genotypes 55 and 40, 79 and 28, 80 and 40 and 81 and 20 while 92.6% (maximum) between genotypes
52 and 51 in the Elite-I.

Dendrogram interpretation. Genetic distances between the genotypes were used to construct a dendrogram by UPGMA
analysis for determining grouping of the lines on the basis of similarities and differences. The dendrogram for Elite-I
represents only one main cluster with six subclusters (Fig. 4, p. 91). Subcluster 1 has only six genotypes in which 78 and
88 are the most diverse lines. Subcluster 2 has 18 genotypes in which 20, 21, and 29 are the best lines. Subcluster 3 has
18 genotypes also, with 39,40, 45, and 53 as the genetically diverse lines. Subcluster 4 has 17 genotypes of which 65 is
truly the best line. Subcluster 5 also includes some lines that are 100% similar, such as 55 and 80. A total 22 genotypes
in this and 8, 9, 28, 82, 86 and 95 are highly diverse lines in this subcluster 5. Subcluster 6 has 14 genotypes of which 3,
6,7, and 16 are comparatively better lines.

The Elite-I set of synthetic hexaploids. All SH entries were tall, late maturing, hard to thresh, and showed phenology
characteristics that exhibited enormous diversity for various traits analyzed (Table 2, pp. 84-86). Important parameters
for breeding generally are days-to-flowering, days-to-physiological maturity, plant height at maturity, spike length,
grains/spike, and, most significantly, 1,000-kernel weight. These traits figured in the selection of SHs in crossing with
bread wheat. Synthetics are generally tall with a range from over 85 cm to a maximum of 140 cm. The tall height does
not negate their utilization in crossing, because height can be rectified via the genetic contribution of the wheat involved.
This holds true for the other parameters such as days-to-flowering and physiological maturity, which are, in essence,
crucial indices for successful utilization in crossing. If these two traits are later than wheat, having various planting

920




ANNU-XNL WHEANT NEeEWISLETTER vV oL 5 7.

-

L

¥ 3

v oA

e R R e CEE R R S EEE T B E S E SR R TR NI R S AR A AR E R P P E NN YR EE S R N Y B S I B E
L

] J
— 1" 3

14

l - "

,—‘ -

L s i

— !

|—| ‘I' J

| l [ [ ' [ |
0.7 0.75 0.8 0.85 0.9 0.95 1

Fig. 4. A dendrogram of the genetic diversity in the Elite-I synthetic hexaploids, evaluated using simple sequence
repeat (SSR) primers, with one main cluster and three subclusters A, B, and C.

dates overrides the constraint of lateness. Of greater significance for yield enhancement is the spike detail, where a
1,000-kernel weight greater than 45 g is highly desirable. The variation in 1,000-kernel weight is between 30.2 to 67.6

g (Table 2). The molecular differences within the germ plasm delineated the materials and can be useful for selecting
entries useful as breeding resources. Narrowing down the SH parents for a crossing program requires a diagnostic step
that permits smart selections to be made; and for this, the molecular diversity is crucial. The diversity exhibited in the
Elite-I after RAPD and SSR analyses is shown (Figs. 3 (p. 88) and 4). From this data, desired SHs were identified as
parents for a crossing effort. Elite-I lines 1, 3,4, 11, 13, 15, 23, 25,30, 37,42,46,47,49,59, 69,70, 73, and 77 were
the best SHs according to their diversity status based upon RAPD analysis. Lines 3,6,7,8,9, 16,20, 21, 28, 29, 39, 40,
45,53,65,78, 82, 86, 88, and 94 exhibited greater diversity when screened by SSRs. Narrowing these down to a limited
number was made possible by the phenology data (Table 2, pp. 84-56) and stringent evaluation of their screening data.
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A characteristic spike variation demonstrates the == = }

co-dominant genetic expression of the two parents in the ‘J::I *
SH product (Fig. 5). The tough glumes of Ae. tauschii e
are dominant as are the awns of the durum parent. Spike T J_ Lt =
architecture is modified; awns are inherited and seed has a 5
boldness that is linked with the durum parent. A 1,000-ker- ’ L —
nel weight much higher (50—65 gm) than that of breadwheat W E

o ——

(4044 ¢g) is common. The Elite-I entries expressed a wide
diversity and several emerged as donors for Karnal bunt,
powdery mildew, and stripe rust resistance, desirable yield
components, and unique plant morphology traits such as
leaf waxiness, pubescence, and stay green attributes. The
germ plasm tillered well and per plant seed output ranged
from 200 to 350 under field increase conditions.
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The Elite-I SH wheats have been internation- Fig 5. Parents used in the production of the D-genome
ally exploited by wheat breeders for the incorporation of synthetic hexaploid wheats showing (from left to right):
biotic and abiotic stress resistances. Often a single trait of dorsal and ventral spike morphology views of (a) T.

interest gives reason to use a SH in a program, but this has turgidum subsp. turgidum (2n=4x=28; AABB); (b) the
been modified as many positive traits are present in a single | synthetic hexaploid (2n=6x=42, AABBDD), and (c) Ae.
synthetic, which makes achieving the breeding targets more | fauschii (2n=2x=14, DD).

efficient. Lines with multiple stress resistance are not un-
common, and the screening done in this study has allowed
for selecting such elite SHs for breeding utilization. Apart from the stress factors, emphasis also has been given to the
molecular diversity within the selected SHs, which serves as a guide for selecting only those SHs in a recombination
program that possess the desired traits and also have molecular uniqueness (diversity).

From a holistic perceptive, various traits enable breeders to a select few of the best SHs. A major trait was earli-
ness (days-to-flowering), which is linked with days-to-maturity, height at maturity, and 1,000-kernel weight. A satisfac-
tory number of grains/spike and spike length also were factors. Too many grains/spike was avoided, because a heavier
head would promote lodging and the 1,000-kernel weight was heavy in most lines selected. We favored selections that
ranged in flowering time, between 76 to 89 days, and had a 1,000-kernel weight between 60.0 and 67.6 g. A maximum
spike length of 16 cm was observed in entries 79, 80, 81, 82, 84, and 90. The maximum grains/spike were 64 in entry
58. The maximum 1,000-kernel weight was 67.6 g was in entry number 67 and the minimum days to anthesis was 76
days for entry 49, which reached physiological maturity in 115 days. Seven entries selected for breeding from the Elite-I
set of 95 that possessed multiple interesting practical attributes based on phenology alone; 17, 26, 67, 72,90, 93, and 95.
These lines had CIMMYT Ae. tauschii accession numbers 220, 309, 629, 877, 502, 1027, and 1030 in their pedigrees.

A DNA polymorphic profile was established and stringent utility deduced for application in recombination breeding.
Supportive disease data was an additional facet that was considered. For powdery mildew resistance at the seedling and
adult-plant stages, entries 90 and 93 indicated the presence of major genes. Adult-plant resistance alone was observed in
entries 17,26, 67, and 72. For stripe rust resistance, entry 95 was identified with both seedling and APR, whereas no line
had APR alone. All the seven lines possessed excellent Karnal bunt resistance. These data have enabled the use of these
seven lines for location-specific breeding efforts in Pakistan. Powdery mildew resistance is a prerequisite for wheat
breeding materials grown in off-season locations where natural prevalence facilitates natural selection on all breeding
materials. To this base, by adding in other attributes, one can deploy the best into other sites.

A-genome based diversity status and its practical utilization in wheat.
Alvina Gul Kazi, Awais Rasheed, Farrukh Bashir, Hadi Bux, Abdul Aziz Napar, and Abdul Mujeeb-Kazi.

One avenue of using the A-genome diversity is via bridge-crossing of AABBAA amphiploids (Fig. 6, p. 93). The ‘durum
wheat/A-genome accession’ crosses are simple and of high frequency. The durum cultivars in these amphiploids are sus-
ceptible for the stresses being addressed and a resistant amphiploid implies that a particular A-genome accession contrib-
uted the expressed resistance. So far, some diversity has been identified in the AABBAA amphiploids for Cochliobolus
sativus, Fusarium graminearum, and leaf rust resistance but is more extensively observed for Septoria tritici resistance.
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T. turgidum subsp. turgidum X
(2n=4x=28, AABB)

AA Species*

(2n=2x=14)
F, hybrid

(2n=3x=21,ABA)

Colchicine treatment

Amphiploid
(2n=6x=42, AABBAA)

Fig. 6. Schematic showing the production of A-genome 2n = 6x = 42 chromosome stocks as a consequence of hybrid-
izing durum cultivars with A-genome diploid accessions. The A-genome strategy resembles that of the D genome,
which demonstrates the utilization of the AABBDD synthetics. Crossing the resistant synthetic hexaploids (SH) with
elite but susceptible bread wheat (BW) cultivars yield resistant BW/SH derivatives. *A-genome species include 7.
monococcum subsps. monococcum and aegilopoides and T. urartu.

A set of 194 A-genome
synthetics was acquired from the
Wheat Wide Crosses Program
at CIMMYT, Mexico, and the
seed increased in the Wheat
Wide Crosses Program based
at NARC (Table 6, pp. 94-97).
This germ plasm, as a part of the
study conducted in Pakistan, was
cytologically validated, pheno-
logically characterized, ge-
netically evaluated and screened
against Karnal bunt, stripe rust,
and powdery mildew during
the crop cycles of 2005-06,
2006-07,2007-08, and 2008-09
(Table 5). The A-genome dip-
loid accessions (2n=2x=14) were
T. monococcum subsp. mono-
coccum and aegilopoides and T.
urartu.

The mean crossabil-
ity data for the production of
ABA hybrids across all three
categories of diploid progenitors
(aegilopoides, monococcum, and
urartu) were based on embryos
plated from the crosses. The
average of all these crosses was
13.0 percent (Table 7, p. 98) for
which regeneration and colchi-
cine induced doubling ranged
between 90 and 98 percent
(Mujeeb-Kazi, unpublished
data). Conventional cytological
validation protocols provided
evidence that the production of
F, hybrids and their amphiploid
production was normal. The
F, hybrids have 21 chromo-

Table 5. The A-genome synthetic hexaploid entries utilized in the study. Synthetic
hexaploid entry numbers are the same as those used in the CIMMYT, Mexico,
Wide Crosses Program data base. Pedigree details are given in Table 6, pp. 95-97).

A-genome synthetic hexaploid Durum Total
Group entry parent | entries
1 1,2 21 2
2 3,36 28 2
3 4,6,10,16,21,23,24,26,29,30,31, 106, 113 17 13
4 7,8,13,15 23 4
5 5,9,11,12,48,53 34 6
6 14,27,49, 63 35 4
7 17,19,20,22,68,69,70,76,77,78,125, 128, 129 22 13
8 18,37,40,44,46,55,173 45 7
25,32,33,34,41,42,45,47,51,52,54,56,57,
0 58,59, 64 27 16
10 28,50, 176,179, 185,187, 188,191, 192 12 9
11 35 37 1
12 38,39 40 2
13 43,62,71,72,73,74,75 9 7
14 60,61, 65 25 3
15 66, 67 33 2
16 79,83 26 2
17 80, 84, 88, 90,92, 163 5 6
81,82,85,89,91,93,94, 101, 102, 103, 104, 105,
18 111,112,119,120, 123 20 17
86,87,95,96,98,99, 100, 107, 108, 109, 110,
19 114,131,132, 134, 135, 138, 139, 140, 142, 175, 11 31
97,115,116, 121, 122, 146, 183, 190, 193, 194
20 117,118 14 2
21 124,170, 156, 160, 161 1 5
22 126 4 1
23 127,130, 165, 167,169, 172, 137, 155, 158, 177 13 10
133,136, 141, 143,157,159, 174, 178, 144, 145,
24 147,148, 149, 150, 151, 152, 153, 154, 162, 180, 2 29

181,182, 184, 186, 164, 166, 168, 171, 189

somes at mitosis (Fig. 7a, p. 94) and at meiosis show nine univalents + three rod bivalents + three ring bivalents (Fig.
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Table 6. Pedigrees of the A-genome synthetic hexaploids. \ [ ] r—
Number Parentage / Pedigree ’
1 YUK/T.BOEOTICUM (1) -y |
2 YUK/T.BOEOTICUM (2) L Y
3 STY-US/CELTA//PALS/3/SRN_5/4/T.BOEOTICUM (3) — (]
4 SCA/T.BOEOTICUM (3) l e ]
5 ALGS86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/ENTE/6/T. s f
BOEOTICUM (3) ' “
6 SCA/T.BOEOTICUM (10) -~
7 GARZA/BOY//T.BOEOTICUM (10) , o
8 GARZA/BOY//T.BOEOTICUM (12) \
9 ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/ENTE/6/T. ' - -
BOEOTICUM (13) “
10 SCA/T. BOEOTICUM (14) a. i -
1 ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/ENTE/6/T. f
BOEOTICUM (14) - " v
1 ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/ENTE/6/T. H { ’ r
BOEOTICUM (15) ‘
13 GARZA/BOY//T.BOEOTICUM (16) J
14 BOTNO/T.BOEOTICUM (20) )
15 GARZA/BOY//T.BOEOTICUM (21)
16 SCA/T.BOEOTICUM (23) ‘
17 DOY1/T.BOEOTICUM (23)
18 SHAG/T.BOEOTICUM (24) b &
19 DOY 1/T.BOEOTICUM (26) . . . =
0 DOY L/T.BOEOTICUM (27) Fig. 7. Progressw.e §tages in Fhe ytlllzatlon .Of
the A-genome variation showing its cytological
21 SCA/T.BOEQOTICUM (28) validation details as follows: (a) F, (2n=3x=21,
22 DOY1/TBOEOTICUM (28) ABA) hybrid at mitotic metaphase and (b) An
23 SCA/TBOEOTICUM (31) F, meiocyte at metaphase I with associations
24 SCA/TBOEOTICUM (33) of nine univalents + three rod bivalents + three
25 SCOOP_1/T.BOEOTICUM (33) ring bivalents.
26 SCA/T.BOEOTICUM (34)
27 BOTNO/T.BOEOTICUM (35) 7b). The F, hybrids after colchicine doubling
28 D 67. 2/P66. 270//T.BOEOTICUM (35) led to a generation of fertile amphiploids with
29 SCA/T.BOEOTICUM (36) 2n=6x=42 chromosomes (Flg 83, p- 95), AAB-
30 SCA/T.BOEOTICUM (39) BAA, that were associated at metaphase I as
31 SCA/T.BOEOTICUM (40) five rod biyalents + 16 ring bivalents (Fig. 8b, p.
%) SCOOP_1/TBOEOTICUM (40) 95). Desplt(? the four dose§ of A-genome chro-
33 SCOOP_1/T.BOEOTICUM (46) mosomes, blvalency prevailed for rpqst of the
1+ coor i sororici co AR e her oo f
35 LCKS59. 61/T.BOEOTICUM (52) . . .7
36 | STY-US/CELTA/PALS/3/SRN_5/4/T.BOEOTICUM (54) the association is three rod bivalents + 19 ring
bivalents (Fig. 9a, p. 96) and two rod bivalents
37 SHAG_22/TBOEOTICUM (55) + 19 ring bivalents (Fig. 9b, p. 96). Another
38 AJAIA/TBOEOTICUM (55) line had eight rod bivalents + 13 ring bivalents
39 AJAIA/TBOEOTICUM (56) (Fig. 10a, p. 97), similar to other amphiploids
40 SHAG_22/TBOEOTICUM (56) analyzed) at anaphase I with a 21/21 split (Fig.
41 SCOOP_1/T.BOEOTICUM (59) 10b, p. 97).
42 SCOOP_1/T.BOEOTICUM (60)
43 68.111/RBG-U//WARD/3/T BOEOTICUM (61) Mean meiotic associations of several
44 SHAG_22/T.BOEOTICUM (68) AABBAA amphiploids that were produced
45 SCOOP_1/TBOEOTICUM (69) involving diverse elite durum wheats and
46 SHAG_22/T.BOEOTICUM (70) accessions where determined for 7. monococ-
47 SCOOP_1/T.BOEOTICUM (71) cum subsp. aegilopoides (Table 8, pp. 98-99),
438 ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/ENTE/6/T. T. monococcum subsp. monococcum (Table 9,
BOEOTICUM (74) p- 100), and T. urartu (Table 10, p. 101). The
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Table 6. Pedigrees of the A-genome synthetic hexaploids. P
Number Parentage / Pedigree o L
49| BOTNO/T.BOEOTICUM (75) ey {!L /
50 D 67.2/P66. 270//T.BOEOTICUM (75) \\ N ‘
51 SCOOP_1/T.BOEOTICUM (79) o ] N ‘ - \\
52 SCOOP_1/T.BOEOTICUM (80) / ’
53 ALG86/4/FGO/PALES//MEXI_1/3/RUFF/FGO/5/ENTE/6/T. -~ \ - 4 \
BOEOTICUM (83) P
54 SCOOP_1/T.BOEOTICUM (87) ‘ / A ’
55 SHAG_22/T.BOEOTICUM (88) \ - -
56 SCOOP_1/T.BOEOTICUM (89) '
57 SCOOP_1/T.BOEOTICUM (90) da. \
58 SCOOP_I/T.BOEOTICUM (91) &
59 SCOOP_1/TMONOCOCCUM (98)
60 AOS/TMONOCOCCUM (98) ‘ ' .
61 AOS/TMONOCOCCUM (111)
62 68.111/RGB-U//WARD/3/TMONOCOCCUM (112) “
63 BOTONO/T.MONOCOCCUM (112) \ Q ‘
64 SCOOP _ 1/TMONOCOCCUM (118) \
65 AOS/TMONOCOCCUM (118) %\
66 FGO/USA2111//TMONOCOCCUM (119) ‘\
67 FGO/USA2111//TMONOCOCCUM (122) \
68 DOY1/T.URARTU (542) b )
69 DOY1/T.URARTU (543) L . . e .
Fig. 8. Progressive stages in the utilization of
70 DOY1/T.URARTU (550) .. .. .
the A-genome variation showing its cytological
71 68.111/RGB-U/WARD/3/T.URARTU (550) validation details as follows: (a) an amphiploid
72 68.111/RGB-U//WARD/3/T.URARTU (551) (2n=6x=42; AABBAA) at mitotic metaphase
73 | 68.111/RGB-U/WARD/3/T.URARTU (553) and (b) a 2n=6x=42 meiocyte showing five rod
74 | 68.111/RGB-U/WARD/3/FGO/4/RABI/S/T.URARTU (554) bivalents + 16 ring bivalents.
75 68.111/RGB-U//WARD/3/FGO/4/RABI/5/T.URARTU (555)
76 DOY I/T.URARTU (560) high frequency of bivalent associations are
77 DOY I/T.URARTU (563) evident within each group and euploids domi-
78 DOY I/T.URARTU (564) nate. These parameters are crucial to fertility
79 GAN/T.BOEOTICUM (7) and good seed finish, which was the case for all
80 DVERD_2/T.BOEOTICUM (18) derivatives studied.
81 YAV_2/TEZ//TBOEOTICUM (18)
82 | YAV_2/TEZ/TBOEOTICUM (25) Plant morphology characteristics
33 GAN/TBOEOTICUM (29) show variation across tI.le amph1p101ds (Table
34 DVERD_2/T.BOEOTICUM (37) 11, p. 10.1). This Va.rlatlon is more pronounced
25 YAV_2/TEZ//T. BOEOTICUM (37) at .the spike leral gFlgs. 11-12, p. 102?. The
86| CPUGEDIZ/3/GOO/IO/CRA/4/T.BOEOTICUM (38) spike characteristics across all accessions of the
87 | CPI/GEDIZ/3/GOO//JO/CRA/4/T.BOEOTICUM (41) diploid A-genome resources are subtle (partially
listed in Table 11, p. 101). Those for spike
88 DVERD_2/T.BOEOTICUM (43) length and nodes/spike have priority because
89 YAV_2/TEZ//TBOEOTICUM (43) these traits determine seed number/spike and the
90 DVERD_2/T.BOEOTICUM (44) degree of compactness/laxness of the florets.
91 YAV_2/TEZ//TBOEOTICUM (44)
92 DVERD_2/TBOEOTICUM (45) Powdery mildew studies. All 194 A-genome
93 YAV_2/TEZ//TBOEOTICUM (45) synthetic hexaploids entries and their 24 durum
94 YAV_2/TEZ//T.BOEOTICUM (47) parents were screened for powdery mildew
95 CPI/GEDIZ/3/GOO//JO/CRA/4/TBOEOTICUM (48) resistance in pot trials in the greenhouse at Mur-
96 CPI/GEDIZ/3/GOO//JO/CRA/4/TBOEOTICUM (49) ree; 88 synthetic hexaploids and nine of the du-
97 CPI/GEDIZ/3/GO0//JO/CRA/4/TBOEOTICUM (53) rum wheat parents showed resistance reaction at
98 CPI/GEDIZ/3/GOO//JO/CRA/4/T BOEOTICUM (57) seedling stage. Infection type ranged from 0—6
99 CPI/GEDIZ/3/GOO//JO/CRA/4/TBOEOTICUM (58) at the seedling stage indicating the presence of
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Table 6. Pedigrees of the A-genome synthetic hexaploids.

Number Parentage / Pedigree

100 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 58)

101 YAV_2/TEZ//T. BOEOTICUM (62)

102 YAV_2/TEZ//T. BOEOTICUM (64)

103 YAV_2/TEZ//T.BOEOTICUM (65)

104 YAV_2/TEZ//T.BOEOTICUM (67)

105 YAV_2/TEZ//TBOEOTICUM (73)

106 SCA/T.BOEOTICUM (75)

111 YAV_2/TEZ//T.BOEOTICUM (82)

112 YAV_2/TEZ//TBOEOTICUM (83)

113 SCA/T.BOEOTICUM (92)

114 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 93)

115 CPI/GEDIZ/3/GO0//JO/CRA/4/TMONOCOCCUM ( 99)

116 CPI/GEDIZ/3/GO0//JO/CRA/4/TMONOCOCCUM ( 101)

117 STN/T.MONOCOCCUM (111)

118 STN/T.MONOCOCCUM (112)

119 YAV_2/TEZ//TMONOCOCCUM (112)

120 YAV_2/TEZ//TMONOCOCCUM (113)

121 CPI/GEDIZ/3/GO0//JO/CRA/4/TMONOCOCCUM ( 114)

122 CPI/GEDIZ/3/GO0//JO/CRA/4/TMONOCOCCUM ( 115)

123 YAV_2/TEZ//TMONOCOCCUM (121)

124 CROC_1/T.URARTU (548)

125 DOY1/T.URARTU (552)

126 ALTAR 84/T.URARTU (558)

127 CETA/T.URARTU (558)

128 DOY1/T.URARTU (559)

129 DOY1/T.URARTU (561)

130 CETA/T.URARTU (562)

131 CPI/GEDIZ/3/GO0//JO/CRA/4/T. BOEOTICUM ( 4)

132 CPI/GEDIZ/3/GO0//JO/CRA/4/T. BOEOTICUM ( 5)

133 | ARLIN_I/T.BOEOTICUM ( 6)

134 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 9)

135 CPI/GEDIZ/3/GO0O//JO/CRA/4/T.BOEOTICUM ( 30)

136 ARLIN_1/T BOEOTICUM (32)

137 CETA/T.BOEOTICUM ( 42)

138 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 51)

139 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 63)

140 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 72)

141 ARLIN_1/T.BOEOTICUM (84)

142 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 85)

143 ARLIN_1/T.BOEOTICUM (86)

144 ARLIN_1/TMONOCOCCUM (94)

145 ARLIN_1/ TMONOCOCCUM (96)

146 CPI/GEDIZ/3/GO0O//JO/CRA/4/TMONOCOCCUM ( 100 )

147 ARLIN_1/TMONOCOCCUM (102)

148 ARLIN_1/TMONOCOCCUM (103)

149 ARLIN_1/TMONOCOCCUM (104)

150 ARLIN_1/TMONOCOCCUM (105)

151 ARLIN_1/TMONOCOCCUM (109)

107 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 76) a. J

108 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 77) b \
109 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 78) ) ‘S\ “
110 CPI/GEDIZ/3/GO0//JO/ CRA/4/T BOEOTICUM (81) Q

S ot

AN

Fig. 9. Meiotic association at metaphase [

of some A-genome synthetic amphiploids
(hexaploids) with 42 chromosomes and
genomically AABBAA: (a) 21 bivalent
meiocyte associated as three rod bivalents + 18
rings and (b) 21 bivalent meiocyte associated
as two rod bivalents + 19 rings.

major genes for resistance. Some of these resist-
ant accessions exhibited different reaction types
against powdery mildew under field conditions.

The A-genome synthetic hexaploids
that showed resistance at seedling stage are 1,
4,6,18,19,24,25,26,27,28,37,39, 40,42,
43,45,47,48,50, 53, 54,55,56, 57,58, 60,62,
68,72,75,76,78,79, 81, 85,87, 88,93, 95, 96,
97,98,101, 102, 103, 105, 106, 107, 108, 109,
110, 113, 115, 116, 117, 118, 119, 124, 126, 127,
129, 131,133,134, 135, 136, 138, 144, 145,
150, 155,156, 157,162,167, 168, 169, 177,
179,182, 183, 185, 186, 188,192, and 194. The
durum parents included 5,7,9, 10, 11, 15, 16,
19 and 23.

Stripe rust studies. Seedling screening showed
that 29 out of 194 (14.9%) of the synthetics
(Table 12, p. 103-107) and 22 out of 23 (95.6%)
of the durum wheat parents (Table 13, p. 108)
exhibited seedling resistance to strip rust. These
genotypes also were screened for APR under
field conditions at NARC, which separated 82
out of 194 (42.3%) synthetics and 20 out of 23
(86.9%) of the durum wheat parents as resistant
genotypes.
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Table 6. Pedigrees of the A-genome synthetic hexaploids.

Number Parentage / Pedigree

152 ARLIN_1/TMONOCOCCUM (116)

153 ARLIN_1/TMONOCOCCUM (117)

154 ARLIN_1/TMONOCOCCUM (120)

155 CETA/T.BOEOTICUM ( 72)

156 CROC_1/T.BOEOTICUM ( 8)

157 ARLIN_1/T.BOEOTICUM (8)

158 CETA/T.BOEOTICUM ( 8)

159 ARLIN_1/T. BOEOTICUM (11)

160 CROC_1/T.BOEOTICUM ( 19)

161 CROC_1/TMONOCOCCUM (97)

162 ARLIN_1/TMONOCOCCUM (97)

163 DVERD_2/TMONOCOCCUM (122)

164 ARLIN_1/T.URARTU (544)

165 CETA/T.URARTU (544)

166 ARLIN_1/T.URARTU (546)

167 CETA/T.URARTU (546)

168 ARLIN_1/T.URARTU (547)

169 CETA/T.URARTU (547)

170 CROC_1/T.URARTU (549)

171 ARLIN_1/T.URARTU (549)

172 CETA/T.URARTU (549)

173 SHAG_22/T.URARTU (549)

174 ARLIN_1/T.BOEOTICUM (19)

175 CPI/GEDIZ/3/GO0//JO/CRA/4/T.BOEOTICUM ( 19)

176 D67.2/P66.270//T. BOEOTICUM (19)

177 CETA/T.BOEOTICUM (19)

178 ARLIN_1/T.BOEOTICUM (66)

179 D67.2/P66.270//T BOEOTICUM (66)

180 ARLIN_1/TMONOCOCCUM (95)

- LN
e
W\ v
“ ':‘ - -
% ke
<*
[
a 5 * N
..‘ ‘v‘ [ 3
- W
T ot
» »
- *
"'l’ ..,b ®
k]
LY )
2
¥ oy
b. *

Fig. 10. Meiotic association at metaphase I

of some A-genome synthetic hexaploids with
42 chromosomes and genomically AABBAA:
(a) 21 bivalents with eight rods + 13 ring
associations and (b) anaphase I separation with
a2l + 21 split in a meiocyte.

181 ARLIN_1/TMONOCOCCUM (97)

182 ARLIN_1/TMONOCOCCUM (107)

183 CPI/GEDIZ/3/GOO//JO/CRA/4/TBOEOTICUM ( 107)

184 ARLIN_1/TMONOCOCCUM (108)

185 D67.2/P66.270/TMONOCOCCUM (108)

186 ARLIN_1/TMONOCOCCUM (110)

187 D67.2/P66.270//TURARTU (542)

188 D67.2/P66.270//T.URARTU (543)

189 ARLIN_1/T.URARTU (548)

190 CPI/GEDIZ/3/GO0O//JO/CRA/4/T.URARTU (548)

191 D67.2/P66.270//T.URARTU (550)

192 D67.2/P66.270//T.URARTU (553)

193 CPI/GEDIZ/3/GO0//JO/CRA/4/T.URARTU (553)

194 CPI/GEDIZ/3/GO0//JO/CRA/4/T.URARTU (556)

Seventeen synthetic genotypes (8.7%)
were resistant at both seedling and adult-plant
stages (5, 15, 19, 20, 24, 30, 32, 35, 58, 59, 60,
61,95,108, 109, 119, and 128) and 19 (82.6%)
of the durum wheat parents (1,2,4,5,8,9, 11,
12,13,14,17,20,21,22,26,27,28,37, and
40). All this germ plasm represents the pres-
ence of major genes against stripe rust and can
be exploited further in breeding programs.

Adult-plant resistance involving
susceptibility at the seedling stage and resist-
ance only at the adult-plant stage indicates the
presence of minor genes, which are considered
of great importance against rust diseases in ac-

quiring durable resistance. Sixty-five (33.5%) of the A-genome synthetic hexaploids (1, 8, 10, 11, 14,17, 21, 25,29, 31,
33,34,38,40,41,45,49,50,51, 55,56, 62,64,67, 68,69, 88, 89,96, 103, 104, 105, 114, 115, 116, 117, 118, 120, 121,
122,123,125, 126, 127, 135, 136, 137, 139, 141, 142, 143, 148, 150, 151, 159, 161, 168, 169, 178, 179, 182, 187, 189,
and 191) and only one (4.35%) durum wheat parent (45) showed APR and are good candidates for providing durable
resistance to wheat cultivars.

Molecular studies. Genetic diversity evaluation using random amplified polymorphic DNA (RAPD) primers. RAPD
primers were used to evaluate the genetic diversity of the A-genome synthetic hexaploids. All 520 RAPD primers of
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Table 7. The mean crossability data of some T. turgidum subsp. turgidum/A and B genome diploid species accessions.
Cross combination (AA-genome species) Florets pollinated Seed set Embryos plated

/ T. monococcum subsp. aegilopoides 58.5 27.2 25.5

/ T. monococcum subsp. monococcum 420 6.80 6.00

! T. urartu 58.7 12.5 7.50

Average of all three diploid genomes 53.1 15.5 13.0

Table 8. Mean meiotic chromosome associations at metaphase I in AABBAA synthetic hexaploids (amphiploids)

involving Triticum turgidum subsp. turgidum cultivars and A-genome diploid accessions of 7. monococcum subsp.

aegilopoides. Abbreviations in table are as follows: 1= univalent, rIl = rod bivalent, oIl = ring bivalent, III = trivalent,

cIV = chain quadrivalent, oIV = ring quadrivalent, and Xta = chiasmata.

AABBAA | Number of Chromosome

number cells I rll oll I clV olV Xta number

3 20 1.20 2.05 13.90 0.60 0.80 1.00 379 42

5 20 0.20 0.80 13.90 0.00 0.70 2.40 40.3 42

6 20 0.00 2.10 15.50 0.00 0.10 1.60 39.8 42

7 20 1.40 6.20 10.30 0.00 1.00 0.60 330 42

8 20 0.00 4.60 13.00 0.00 0.60 1.10 36.8 42

12 20 0.10 3.50 11.30 0.10 1.10 1.90 37.2 42

14 20 0.10 3.80 11.20 0.10 0.90 2.00 37.1 42

16 20 0.00 2.60 13.40 0.00 1.20 1.30 38.2 42

17 20 0.00 1.00 13.40 0.00 1.00 2.30 40.0 42

19 20 0.00 1.80 15.00 0.00 0.20 1.90 40.0 42

20 20 0.10 3.50 11.30 0.10 1.10 1.90 37.2 42

21 20 0.00 2.80 15.80 0.00 0.10 1.10 39.1 42

22 20 0.20 2.90 12.30 0.20 0.80 1.90 379 42

23 20 0.20 2.90 13.40 0.00 0.30 2.00 38.6 42

24 20 0.20 2.20 14.00 0.20 0.60 1.60 38.8 42

25 20 0.10 2.10 14.30 0.10 0.50 1.70 39.2 42

26 20 0.30 2.10 12.50 0.90 1.30 1.40 384 43

27 20 0.20 3.10 15.80 0.00 0.40 0.60 38.3 42

29 20 0.50 4.10 14.50 0.10 0.40 0.60 36.9 42

30 20 0.30 2.90 15.00 0.10 0.40 1.00 38.3 42

31 20 1.20 3.80 13.40 0.40 0.60 0.70 36.00 42

34 20 0.70 3.60 15.10 0.10 0.40 0.50 37.20 42

36 20 0.60 4.60 12.30 0.00 0.60 1.30 36.20 42

38 20 0.10 3.90 14.70 0.10 0.40 0.70 37.50 42

39 20 1.20 2.60 12.90 0.20 1.10 1.20 36.90 42

40 20 0.40 3.90 13.70 0.00 0.60 1.00 37.10 42

41 20 0.00 2.80 14.40 0.00 0.40 1.50 38.80 42

44 20 0.00 2.80 15.20 0.00 0.50 1.00 38.70 42

45 20 0.00 2.40 15.60 0.00 0.60 0.90 39.00 42

46 20 1.00 5.10 12.60 0.40 0.60 0.50 34.90 42

48 20 0.00 3.10 15.10 0.00 0.50 0.90 38.40 42

49 20 0.50 2.60 15.60 0.10 0.40 0.80 38.40 42

50 20 0.10 3.20 15.20 0.10 0.60 0.60 38.00 42

51 20 0.10 2.80 14.40 0.10 0.50 1.30 38.50 42

52 20 0.20 2.10 16.00 0.00 0.40 1.00 39.30 42

53 20 0.10 2.40 15.60 0.10 0.40 1.00 39.00 42

54 20 0.70 3.30 14.60 0.10 0.50 0.80 37.40 42

55 20 0.20 2.40 15.20 0.20 0.60 0.90 38.60 42

98



ANNUAXNL WHEXNT NEeWwWSLETTER vV oL 5 7.

Table 8. Mean meiotic chromosome associations at metaphase I in AABBAA synthetic hexaploids (amphiploids)
involving Triticum turgidum subsp. turgidum cultivars and A-genome diploid accessions of T. monococcum subsp.
aegilopoides. Abbreviations in table are as follows: I = univalent, rIl = rod bivalent, oll = ring bivalent, III = trivalent,
cIV = chain quadrivalent, oIV = ring quadrivalent, and Xta = chiasmata.
AABBAA | Number of Chromosome
number cells I rlI oll I clVv olV Xta number
79 20 3.60 6.20 7.700 0.20 1.10 1.40 30.90 42
82 20 0.20 3.20 14.90 0.00 0.50 0.90 38.10 42
83 20 0.00 3.50 14.50 0.00 0.60 0.90 37.90 42
85 20 0.40 4.30 13.90 0.00 0.50 0.80 36.80 42
86 20 0.00 2.50 15.50 0.00 0.40 1.10 39.10 42
87 20 8.80 6.20 6.000 1.60 0.70 0.30 24.70 42
89 20 0.20 3.50 14.60 0.00 0.50 0.90 37.80 42
91 20 0.20 3.20 14.00 0.20 0.80 0.90 37.60 42
94 20 0.50 3.90 16.70 0.10 0.00 0.00 37.50 42
95 20 0.20 4.70 13.40 0.00 0.70 0.70 36.40 42
96 20 0.10 3.10 15.50 0.10 0.50 0.60 38.20 42
97 20 0.00 1.80 16.80 0.00 0.50 0.70 39.70 42
98 20 1.56 6.33 10.11 0.44 0.78 0.78 32.89 42
99 20 0.30 3.20 14.50 0.10 0.40 1.10 38.00 42
103 20 0.00 2.50 16.50 0.00 0.30 0.70 39.20 42
104 20 0.20 3.00 15.40 0.20 0.40 0.70 38.20 42
106 20 0.00 2.50 15.50 0.00 0.50 1.00 39.00 42
108 20 0.20 2.60 15.60 0.20 0.40 0.80 38.60 42
109 20 0.00 2.80 15.20 0.00 0.40 1.10 38.80 42
133 20 0.10 2.40 17.40 0.10 0.00 0.50 39.40 42
134 20 0.10 1.80 17.20 0.10 0.30 0.60 39.70 42
135 20 0.00 1.70 17.20 0.20 0.30 0.60 39.80 42
136 20 0.30 2.80 16.70 0.10 0.30 0.30 38.50 42
137 20 0.10 1.80 16.20 0.10 0.40 1.00 39.60 42
139 20 0.10 3.40 14.40 0.10 0.40 1.10 38.00 42
142 20 0.70 4.30 13.80 0.10 0.40 0.80 36.50 42
143 20 0.50 3.70 14.40 0.30 0.70 0.40 36.80 42
101 20 0.60 3.10 13.80 0.60 0.60 1.10 38.10 43
102 20 0.60 3.30 13.30 0.20 0.50 1.40 37.40 42
110 20 1.50 3.60 13.20 0.40 0.50 0.80 35.90 42
111 20 0.50 2.80 15.30 0.30 0.20 0.90 38.20 42
112 20 0.40 4.20 14.60 0.00 0.40 0.60 37.00 42
113 20 0.20 1.90 15.80 0.00 0.20 1.40 39.70 42
114 20 0.10 2.50 14.70 0.10 0.60 1.20 38.70 42
131 20 0.40 3.80 13.40 0.00 0.40 1.40 37.40 42
132 20 0.30 1.20 15.00 0.30 0.10 2.00 40.10 42
138 20 2.80 3.50 10.80 1.20 0.60 0.90 32.90 41
156 20 1.00 2.70 13.40 0.40 0.40 1.50 37.50 42
157 20 1.60 3.20 12.90 0.20 0.90 1.00 36.10 42
158 20 0.70 3.40 11.30 0.10 1.40 1.50 36.40 42
159 20 0.20 2.50 13.20 0.00 0.40 2.20 38.90 42

the Operon Series were screened, working primers identified, and applied to detect genetic polymorphism at DNA level.
The samples that did not amplify were not included in the analysis. Genetic analysis was performed only on the scorable
bands. Every single band was considered as a single locus/allele. The loci were scored as present/absent. Bivariate data
1-0 were used to estimate the genetic diversity (GD). The unweighted pair group of arithmetic means (UPGMA) func-
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Table 9. Mean meiotic chromosome associations at metaphase I in AABBAA synthetic hexaploids (amphiploids) in-

volving Triticum turgidum subsp. turgidum cultivars and A-genome diploid accessions of 7. monococcum subsp. mono-

coccum. Abbreviations in table are as follows: I = univalent, rIl = rod bivalent, oIl = ring bivalent, III = trivalent, cIV

= chain quadrivalent, oIV = ring quadrivalent, and Xta = chiasmata.

AABBAA | Number of Chromosome
number cells I rll oll I clV olV Xta number

18 20 0.00 1.90 16.9 0.00 0.20 0.90 39.9 42

59 20 0.10 3.30 14.3 0.10 0.60 1.00 37.0 42

64 20 0.20 2.80 14.8 0.20 0.50 1.00 38.3 42

65 20 0.30 2.80 14.3 0.10 0.60 1.20 38.2 42

115 20 1.60 2.20 154 0.00 0.40 0.90 37.8 42

116 20 1.90 3.30 14.1 0.30 0.40 0.70 36.1 42

117 20 0.70 3.20 14.3 0.10 0.70 0.70 37.2 42 (one VI)

119 20 0.80 2.80 14.5 0.20 0.40 1.10 37.8 42

120 20 0.30 2.20 14.5 0.50 0.40 1.30 38.6 42

121 20 1.70 3.10 12.6 0.30 0.60 0.40 36.3 42

122 20 1.00 3.70 14.1 0.20 0.40 0.80 36.7 42

123 20 1.20 5.30 13.3 0.40 0.40 0.20 347 42

144 20 0.30 2.60 15.3 0.20 0.30 1.00 38.7 42

145 20 0.80 3.40 15.3 0.20 0.60 0.20 37.0 42

146 20 0.20 3.20 15.6 0.20 0.20 0.70 38.2 42

147 20 0.40 2.80 16.0 0.00 0.30 0.70 38.5 42

148 20 0.80 4.70 14.3 0.40 0.30 0.20 35.8 42

149 20 1.80 5.40 13.2 0.20 0.40 0.20 342 42

150 20 1.80 4.60 13.3 0.40 0.60 0.20 34.6 42

151 20 0.90 3.90 14.3 0.10 0.30 0.80 36.8 42

152 20 0.80 4.20 14.8 0.40 0.10 0.40 36.5 42

153 20 0.70 3.20 142 0.10 0.70 0.70 37.2 42

154 20 0.00 2.20 16.8 0.00 0.60 0.40 39.2 42

161 20 0.20 2.20 15.5 0.00 0.30 1.30 393 42

162 20 1.90 4.00 12.7 0.50 0.20 1.10 354 42

163 20 0.20 2.90 13.2 0.00 0.40 2.00 38.5 42

tion estimated the GDs between the genotypes as follows: GDXy =1- de/dx + dy - dxy, where GDXy = GD between two
genotypes, dXy = total number of common loci (bands) in two genotypes, d = total number of loci (bands) in genotype 1,
and dy = total number of loci (bands) in genotype 2.

The efficiency of primers to amplify the genotypes ranged from 124 (OPE-3 and OPR-8) to one (OPG-10,
OPG-17, OPH-11, OPI-2, OPI-4, OPM-14, and OPN-1) in A-genome synthetic hexaploids (Table 14, pp. 109-111) and
from nine (OPN-6) to one (OPA-4, OPE-11, OPJ-1, OPW-5, OPX-2, and OPY-8) in B-genome synthetic hexaploids
(Table 15, pp. 111-112). Scorable bands ranged from 1 (OPI-4 and OPM-14) to 666 (OPE-3) in A-genome synthetic
hexaploids (Table 14, pp. 109-111).

A genetic analysis of the population showed that the total number of loci for A-genome synthetic hexaploids
equaled 1,095 of which 1.062 were polymorphic (Table 14, pp. 109-111). The percentage of polymorphism was very
high (96.68%). The range of scorable bands was from 250-3,000 bp in A-genome synthetic hexaploids.

Similarity matrix. A bivariate analysis was conducted to generate a similarity matrix and dendrogram to estimate genetic
diversity. The A-genome synthetic hexaploids exhibited a minimum value of similarity matrix of 68.9% between 1 and
107 and the maximum value of 98.8% between 121 and 152.

Dendrogram interpretation. The GD between genotypes was used to construct a dendrogram by UPGMA analysis for
determining grouping of the lines on the basis of similarities and differences. In A-genome synthetic hexaploids, the
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Table 10. Mean meiotic chromosome associations at metaphase I in AABBAA synthetic hexaploids (amphiploids)
involving Triticum turgidum subsp. turgidum cultivars and A-genome diploid accessions of T. urartu. Abbreviations in
table are as follows: I = univalent, rIl = rod bivalent, OII = ring bivalent, III = trivalent, cIV = chain quadrivalent, OIV
= ring quadrivalent, and Xta = chiasmata.

AABBAA | Number of Chromosome
number cells | ril oll 111 clV olV Xta number
52 20 5.20 5.10 9.80 1.40 0.20 0.00 28.1 40
70 20 0.60 2.10 17.6 0.00 0.30 0.20 390 42
72 20 0.00 2.90 14.7 0.00 0.80 0.90 38.3 42
74 20 0.00 3.50 14.5 0.00 0.80 0.70 377 42
75 20 0.00 4.00 144 0.00 0.60 0.70 374 42
76 20 2.00 5.00 9.60 0.20 0.90 1.40 329 41
77 20 0.40 2.50 153 0.00 0.60 0.90 38.5 42
78 20 1.70 6.80 8.60 0.30 1.00 0.90 312 41
125 20 1.50 4.00 10.5 0.50 1.20 1.30 34.8 42
126 20 0.70 3.30 14.8 0.10 0.30 0.90 37.6 42
127 20 1.20 2.60 12.6 0.00 0.20 2.40 38.0 42
128 20 1.80 5.60 9.90 0.60 0.20 1.40 32.8 41
129 20 1.10 5.20 10.6 0.30 0.60 1.50 34.8 42
130 20 0.50 3.60 11.6 0.10 1.20 1.50 36.8 42
165 20 1.20 340 12.6 0.00 0.60 1.60 36.8 42
166 20 0.70 3.70 10.1 0.30 1.30 1.90 36.0 42
168 20 0.00 2.20 14.0 0.00 0.20 2.20 39.6 42
169 20 0.40 2.60 152 0.40 0.40 0.80 382 42
170 20 1.30 2.30 124 1.50 0.40 0.80 345 40
172 20 0.00 2.40 154 0.00 0.40 1.20 392 42
173 20 0.10 2.70 14.1 0.10 1.00 1.00 38.1 42
154 20 0.00 2.20 16.8 0.00 0.60 0.40 392 42
161 20 0.20 2.20 15.5 0.00 0.30 1.30 393 42
162 20 1.90 4.00 12.7 0.50 0.20 1.10 354 42
163 20 0.20 2.90 132 0.00 0.40 2.00 38.5 42

Table 11. Mean phenotypic characteristics of selected AA-genome amphiploids involving Triticum monococcum sub-
sps. aegilopoides and monococcum and T. urartu.

Spike Spikelet Glume Lemma
Internode Awn | Body | Awn |Anther
Length | Width| Nodes | length | Length |Width Florets |Length| length | length | length | length

No. | (cm) | (cm) | /spike (cm) (cm) | (cm) |/spike |/spikelet| (cm) | (ecm) | (cm) | (cm) | (cm)

T. monococcum subsp. aegilopoides

28 2145 | 1.21 | 22.00 044 11.13 | 0.65 | 22.00 | 4.00 091 | 024 | 117 | 9.17 | 035

86 20.60 | 1.25 | 22.00 0.46 1148 | 0.81 |22.00| 4.00 1.12 | 044 | 123 | 1058 | 0.32

133 | 2040 | 1.01 | 26.00 0.57 10.83 | 0.81 | 26.00 | 4.50 122 | 040 | 129 | 9.15 0.35

T. monococcum subsp. monococcum

185 | 1490 | 1.70 | 26.00 0.30 833 | 1.02 |26.00| 3.75 105 | 0.21 1.16 | 697 | 0.32

115 | 20.65 | 1.10 | 24.50 041 12.18 | 0.72 12450 | 3.25 101 | 031 | 093 | 1033 | 040

148 | 17.65 | 1.21 | 27.00 043 10.73 | 0.87 | 27.00 | 4.25 124 | 041 106 | 799 | 0.33

185 | 1490 | 1.70 | 26.00 0.30 8.33 1.02 |2600| 3.75 105 | 021 1.16 | 697 | 0.32

T. urartu

191 | 1540 | 141 | 19.50 0.61 908 | 0.89 [19.50| 4.00 0.96 | 0.35 1.26 | 8.43 0.31

193 | 17.85 | 1.08 | 24.50 0.46 925 | 0.81 [2450| 4.00 0.87 | 0.28 106 | 688 | 0.21

189 | 19.60 | 1.31 | 26.00 0.40 11.50 | 0.84 | 26.00 | 4.00 1.17 | 0.80 | 126 | 996 | 040
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Fig. 11. Spike morphology of some AABBAA
synthetic hexaploids involving the diploid

only main cluster has three subclusters, A, B, and C (Fig. 13, p. 113).
Subcluster A has five genotypes and also contains the most diverse
line of the group, 107. Other good lines in this subcluster include 3,
68,92, and 111. The highly diverse lines in subcluster B include 20,
39,82,95, 118, and 177 in total of 188 genotypes. Subcluster C has
only one genotype, 1.

Genetic diversity evaluation using simple sequence repeat (SSR)
Primers. SSR primers were used for to evaluate the GD of the A-
genome synthetic hexaploids. All 275 SSR primers were applied to
detect genetic polymorphism at DNA level. The samples which did
not amplify were not included in the analysis. Genetic analysis was
similar to that for the RAPD primers.

The efficiency of primers to amplify the genotypes ranged
from 68 (Xgwm312-2A) to six (Xgwm473-2A) in the A-genome syn-
thetic hexaploids (Table 16, p. 112) and scorable bands ranged from
six (Xgwm473-2A) to 112 (Xgwm311-2A) (Table 16, p. 112).

A genetic analysis of the population showed that the total
number of alleles for A-genome synthetic hexaploids scored equaled
126, all of were polymorphic; the the percentage of polymorphism
was 100% (Table 16, p. 112). The range of scorable bands was from
50-250 bp.

progenitor species T. monococcum subsp.
aegilopoides and monococcum and T. urartu,
(a) T. turgidum/accession 086; (b) T. turgidum/
accession 115; (¢) T. turgidum/accession A-
133; (d) T. turgidum/accession 148 and (e) T.

genome
turgidum/accession 185.

synthetic
hexa-
ploids
exhibited minimum value of similarity matrix of 73.3%
between 34 and 130 and the maximum value of 100% in 314
different combinations.

Phenotypic characterization and disease screening. From
the wide array of AAAABB synthetic wheats produced, field
plantings were utilized to establish descriptive parameters
and seed increase. The descriptor characteristics demon-
strated extensive genetic diversity for plant height, flower-
ing date, and 1,000-kernel weight (Table 12, pp. 103-107).
Utilizating this germ plasm for durum wheat improvement
will be an advantage selecting synthetics that are trait posi-
tive and agronomically superior. The targeted variation also
can be tapped for direct crossing with durum wheat cultivars
as shown for bread wheat improvement. Because bread
wheat in Pakistan is the main cereal crop, the diversity of
the A genome can be exploited via bridge crossing of the
AAAABB hexaploid with the AABBDD bread wheat as
recombination events across the AA genomes will permit the
donor variation to be introgressed. Alternatively, after the
durum wheats are screened and resistance sources identified,
the desired A-genome accession also can enter into direct
hybridization with bread wheat.

Similarity matrix. Bivariate analysis was conducted to generate a
similarity matrix and dendrogram to estimate genetic diversity. The

Fig. 12. Spike morphology of some AABBAA synthetic
hexaploids involving the diploid progenitor species 7.
monococcum subsps. aegilopoides and monococcum and
T. urartu, (a) T. turgidum/accession 189; (b) T. turgidum/
accession 191; (c) T. turgidum/accession 193; (d)
Altar84/accession 015; (e) Decoy/accession 036 and (f)
T. turgidum/accession 028.
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Table 12. Phenotypic and disease characterization of the 194 A—genome synthetic hexaploids (2n=6x=42; AABBAA).
FLOW = days—to—flowering, HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery
white, Y = yellow, and DB = dark brown), P MA = days to physiological maturity, TKW = 1,000—-kernel weight (g),
G/S = number of grains/spike, SL = spike length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Pm
(S) = reaction to powdery mildew at the seedling stage (— indicates missing data), Yr (S) = reaction to stripe rust at
the seedling stage, Yr (A) = reaction to stripe rust at the adult-plant stage (R = resistant, TR = trace resistant, MR =
moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS types, MSS = moderately susceptible
to susceptible, S = susceptible, and TS = trace susceptible).
Synthetic
number | FLOW HT AWN PMA | TKW | G/S SL KB [Pm(S)| Yr(S) | Yr(A)
1 125 104 LB 175 46.0 18 13.5 — 2 89 5R
2 136 99 LB 169 59.0 18 12.0 — — 89 30S
3 141 97 LB 171 65.0 2 13.0 — — 89 308
4 128 95 LB 173 72.0 4 13.0 - 4 89 308
5 125 98 LB 179 440 29 13.8 — 4 23 5R
6 116 105 LB 180 60.0 15 13.2 — 2 23 30S
7 134 117 LB 174 40.0 30 12.0 — 1 89 308
8 133 129 LB 184 60.0 40 10.3 — 3 56 SR
9 117 127 LB 179 58.0 39 14.0 — 4 7 308
10 125 125 LB 185 38.0 5 14.1 — 4 7 10R
11 135 124 LB 181 38.0 7 11.1 — 3 89 10R
12 135 127 LB 184 48.0 33 14.1 - 3 89 90S
13 116 112 LB 181 40.0 1 13.1 — 4 89 90S
14 154 104 LB 186 320 7 12.1 — 3 78 10R
15 143 104 LB 186 22.6 24 12.3 — 4 1 5R
16 136 116 LB 184 39.5 3 12.1 - - 23 30MRMS
17 131 128 LB 187 352 2 12.3 — — 89 10R
18 133 139 DB 180 414 7 12.0 — 3 89 30S
19 133 125 LB 186 40.6 13 11.5 — — 0 10R
20 135 135 LB 186 384 4 12.1 - - 1 10R
21 143 125 LB 185 43.8 18 12.6 — 5 89 10R
22 129 145 LB 181 20.0 2 13.0 — — 89 30S
23 142 92 LB 181 50.0 11 11.0 — — 0 308
24 140 121 LB 187 50.0 5 12.3 - 4 4 10R
25 135 133 LB 187 440 9 12.8 — 4 78 10R
26 125 124 LB 181 55.2 8 11.1 — 4 78 10S
27 145 151 LB 176 69.0 5 8.0 — — 78 30S
28 124 130 LB 175 13.7 7 18.0 - 3 89 308
29 128 125 LB 181 490 21 13.0 — 5 78 10MR
30 108 119 LB 176 43.5 9 12.1 — 4 0 10R
31 133 100 LB 181 44.0 2 11.1 — — 78 10R
32 135 104 LB 186 42.6 12 10.1 - 3 0 10R
33 133 101 DB 186 48.2 22 10.1 - 2 78 10R
34 147 129 LB 190 27.2 29 11.5 — 2 89 10R
35 135 118 LB 187 48.0 6 10.1 — — 12 5R
36 127 133 LB 176 43.8 6 8.0 - 3 89 308
37 128 129 LB 175 52.0 8 9.0 — — 89 308
38 135 125 LB 181 42.6 9 11.1 — 1 89 10R
39 127 133 LB 179 56.0 18 15.0 — 1 89 308
40 145 121 LB 190 60.0 4 13.5 — 1 89 10R
41 149 104 LB 190 40.6 24 11.0 — 2 78 10R
42 118 102 LB 176 54.2 16 10.0 — 1 0 30S
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Table 12. Phenotypic and disease characterization of the 194 A—genome synthetic hexaploids (2n=6x=42; AABBAA).
FLOW = days—to—flowering, HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery
white, Y = yellow, and DB = dark brown), P MA = days to physiological maturity, TKW = 1,000—-kernel weight (g),
G/S = number of grains/spike, SL = spike length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Pm
(S) = reaction to powdery mildew at the seedling stage (— indicates missing data), Yr (S) = reaction to stripe rust at
the seedling stage, Yr (A) = reaction to stripe rust at the adult-plant stage (R = resistant, TR = trace resistant, MR =
moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS types, MSS = moderately susceptible
to susceptible, S = susceptible, and TS = trace susceptible).
Synthetic
number | FLOW HT AWN PMA | TKW | G/S SL KB [Pm(S)| Yr(S) | Yr(A)
43 134 118 LB 179 42.8 18 11.0 — — 56 308
44 116 106 LB 178 47.5 4 10.0 — 2 34 30S
45 125 94 LB 175 452 24 9.5 — 2 89 10R
46 127 112 LB 176 30.0 32 10.5 — 4 89 308
47 127 113 LB 180 450 4 11.0 — — 89 308
48 135 115 LB 193 37.8 13 11.1 — 3 89 40S
49 133 102 Y 189 235 4 13.3 — — 89 SR
50 145 80 LB 191 29.0 32 12.1 — 5 89 10R
51 126 110 Y 182 40.0 33 13.5 — 2 89 10R
52 125 126 LB 186 68.0 35 12.0 — — 89 30MS
53 140 124 LB 180 40.0 33 9.0 — 2 89 308
54 125 123 LB 181 44 4 21 10.0 — 0 89 308
55 131 119 DB 187 322 21 11.0 — 1 89 30MR
56 146 130 DB 193 370 16 11.1 — 1 89 10R
57 126 110 LB 179 56.4 3 8.0 — 4 89 308
58 136 116 LB 189 56.2 27 11.1 — 4 1 10R
59 131 117 LB 171 56.4 37 12.3 - - 1 10R
60 127 105 LB 150 55.6 21 11.6 — 3 0 10R
61 127 103 LB 151 41.6 16 11.1 — 1 0 SR
62 121 108 LB 158 24.0 6 12.8 — 3 89 10R
63 127 110 LB 156 30.0 5 8.0 — 4 89 308
64 139 113 LB 154 50.0 26 11.3 — 5 89 10MR
65 137 127 Y 156 48.0 6 14.0 — — 89 308
66 124 141 LB 150 50.0 1 11.5 — 5 89 30MS
67 125 108 LB 146 50.0 1 12.3 — — 89 5 MR
68 122 114 LB 140 522 7 11.6 — — 89 10MR
69 125 120 LB 150 46.0 43 13.1 — 2 89 SR
70 126 144 LB 179 434 31 12.3 — — 12 10S
71 127 146 LB 171 532 22 14.6 — — 9 90S
72 129 146 LB 173 32.6 6 13.5 — — 1 10S
73 133 127 LB 172 37.6 16 10.0 — 4 9 308
74 133 108 LB 185 46.0 26 14.6 - 3 12 20S
75 120 112 LB 172 174 21 7.0 — — 9 308
76 127 145 LB 175 63.0 11 15.0 — 3 89 40S
77 119 75 LB 171 49.6 20 14.0 — 1 89 308
78 141 75 LB 183 428 33 8.0 - 6 45 308
79 126 126 DB 176 32.8 33 11.0 — 6 56 90S
80 129 122 LB 180 332 18 9.0 — 4 89 30S
81 131 124 LB 179 320 17 14.0 — — 9 308
82 133 123 LB 176 310 4 13.0 - 1 12 308
83 120 125 LB 175 37.0 35 10.0 — 0 89 308
84 122 125 LB 173 50.0 11 12.0 — 0 89 30S
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Table 12. Phenotypic and disease characterization of the 194 A—genome synthetic hexaploids (2n=6x=42; AABBAA).
FLOW = days—to—flowering, HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery
white, Y = yellow, and DB = dark brown), P MA = days to physiological maturity, TKW = 1,000—-kernel weight (g),
G/S = number of grains/spike, SL = spike length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Pm
(S) = reaction to powdery mildew at the seedling stage (— indicates missing data), Yr (S) = reaction to stripe rust at

the seedling stage, Yr (A) = reaction to stripe rust at the adult-plant stage (R = resistant, TR = trace resistant, MR =
moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS types, MSS = moderately susceptible
to susceptible, S = susceptible, and TS = trace susceptible).

Synthetic

number | FLOW HT AWN PMA | TKW | G/S SL KB [Pm(S)| Yr(S) | Yr(A)
85 125 127 LB 178 41.2 15 13.0 — 3 89 20MS
86 136 112 LB 178 40.0 7 8.0 — 0 9 30S
87 141 110 LB 175 46.0 17 11.0 — 1 9 308
88 128 115 LB 178 38.0 15 11.0 — 2 9 10MR
89 128 104 LB 183 31.0 6 12.0 — 2 9 10R
90 131 109 LB 172 31.6 5 9.0 — 1 9 30S
91 131 114 LB 180 574 19 11.0 — 7 9 308
92 134 119 LB 175 51.8 25 10.0 — 1 9 308
93 134 118 LB 176 40.0 17 11.0 — 2 9 308
94 139 120 LB 180 40.0 13 13.0 — 3 9 30S
95 134 123 LB 184 71.0 6 10.0 — 3 1 10MRMS
96 148 114 LB 191 59.0 6 12.5 — 1 56 10R
97 125 108 LB 177 49.6 7 7.0 — — 89 308
98 126 109 LB 178 38.0 16 9.0 — — 67 30S
99 142 106 LB 184 350 14 10.0 — 6 89 308
100 131 131 LB 183 354 23 14.0 - 0 89 308
101 124 118 LB 179 434 6 13.0 — 1 89 308
102 133 108 LB 180 65.6 13 7.0 — 0 9 30S
103 134 116 LB 183 56.6 38 12.0 — 0 9 SR
104 133 89 LB 181 61.6 14 9.8 — 5 89 5R
105 133 85 LB 179 50.2 51 10.0 — 4 89 5R
106 135 82 LB 176 310 1 12.0 — 0 89 30S
107 145 81 LB 179 30.8 21 9.0 — — 89 30S
108 150 79 LB 188 72.0 36 9.0 — 2 1 10R
109 145 128 LB 186 44.6 21 11.0 - 1 0 10R
110 120 123 DB 178 46.2 14 10.0 — 4 9 80S
111 120 110 LB 182 47.0 1 15.0 — 0 9 40S
112 125 105 LB 185 48.0 15 13.0 — 5 9 308
113 127 109 LB 182 48.0 21 10.0 — 5 9 308
114 135 100 LB 187 440 20 13.0 — 7 89 10R
115 135 102 LB 187 26.6 9 11.0 — 5 89 10R
116 137 120 LB 186 454 10 12.0 - 4 89 10R
117 145 114 LB 188 38.2 26 8.0 — 4 89 5R
118 143 107 LB 188 32.6 7 14.0 — 4 9 5R
119 141 117 LB 189 53.8 34 12.0 — 6 12 10R
120 126 117 LB 189 48.0 27 12.6 — 0 89 10R
121 139 87 LB 187 440 7 13.0 — 4 89 10R
122 143 137 LB 191 45.6 10 12.0 — 7 89 10R
123 143 124 LB 191 324 8 11.0 — 1 89 SR
124 134 95 LB 186 59.8 32 14.0 - 2 89 308
125 127 100 DB 189 453 6 8.0 — 3 89 5R
126 132 100 LB 183 46.2 19 10.0 — 3 9 5R
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Table 12. Phenotypic and disease characterization of the 194 A—genome synthetic hexaploids (2n=6x=42; AABBAA).
FLOW = days—to—flowering, HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery
white, Y = yellow, and DB = dark brown), P MA = days to physiological maturity, TKW = 1,000—-kernel weight (g),
G/S = number of grains/spike, SL = spike length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Pm
(S) = reaction to powdery mildew at the seedling stage (— indicates missing data), Yr (S) = reaction to stripe rust at
the seedling stage, Yr (A) = reaction to stripe rust at the adult-plant stage (R = resistant, TR = trace resistant, MR =
moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS types, MSS = moderately susceptible
to susceptible, S = susceptible, and TS = trace susceptible).
Synthetic
number | FLOW HT AWN PMA | TKW | G/S SL KB [Pm(S)| Yr(S) | Yr(A)
127 127 120 LB 176 36.6 9 7.0 — 2 78 5R
128 131 131 LB 173 358 20 6.0 — 2 1 5R
129 138 95 LB 184 48.0 40 14.0 — 4 89 308
130 122 119 LB 183 41.8 24 8.0 — 1 9 70S
131 147 113 DB 186 45.2 57 14.0 — 3 89 308
132 133 111 LB 179 46.8 16 11.0 — 5 12 30S
133 128 111 LB 172 344 9 12.0 — 4 89 308
134 143 110 LB 176 35.6 5 10.0 - 2 7 308
135 140 115 LB 175 36.0 9 12.6 — 7 89 10R
136 140 137 LB 185 31.6 5 13.0 — 3 89 10R
137 140 138 LB 185 35.6 9 10.0 — 3 89 10R
138 125 133 LB 186 420 41 12.0 - 2 78 10R
139 140 123 LB 185 40.0 3 17.0 — 3 89 10R
140 140 120 LB 179 58.0 16 11.0 — 1 89 30S
141 140 122 LB 181 270 18 12.0 — 1 89 SR
142 140 143 LB 187 41.6 20 13.0 - 1 89 SR
143 139 135 LB 185 37.6 30 10.1 - 1 7 SR
144 139 125 LB 180 36.0 35 12.0 — — 89 30S
145 137 138 LB 181 42.6 23 10.0 — 9 7 10S
146 140 135 LB 180 24 .4 6 11.0 - 8 7 308
147 127 132 LB 172 24.0 33 14.0 — — 89 308
148 133 135 LB 187 30.8 14 10.0 — 2 67 5R
149 142 155 LB 186 33.6 31 9.0 — 6 78 10MS
150 141 155 Y 188 24.0 13 11.0 - 2 78 30MR
151 135 111 LB 186 38.2 11 8.0 — 5 89 10R
152 125 136 LB 185 41.0 30 14.0 — — 78 30MS
153 128 137 LB 185 40.8 29 14.0 — 3 89 30MS
154 127 137 LB 187 350 24 12.0 - 3 89 90S
155 136 126 DB 180 28.2 30 10.0 — 8 89 308
156 126 115 LB 179 300 15 11.0 — — 89 30S
157 128 119 LB 176 54.7 17 12.0 — 7 8 308
158 127 122 LB 187 30.6 13 11.0 - 4 89 5S
159 151 130 LB 187 30.2 28 12.0 — 9 89 10R
160 122 125 DB 180 36.0 16 17.0 — — 89 30S
161 141 131 LB 186 204 19 12.0 — 7 9 10R
162 131 104 LB 186 25.6 41 10.0 — 5 9 308
163 139 108 LB 187 31.8 5 13.0 — 7 89 SMS
164 130 111 LB 180 36.4 18 12.0 — 5 9 30S
165 125 101 Y 187 26.2 23 8.0 — 5 9 MSS
166 144 95 LB 179 39.6 15 13.0 — 4 9 308
167 140 95 LB 185 224 30 7.0 — 4 9 308
168 141 117 LB 187 22.0 29 7.0 — 3 9 10R
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Table 12. Phenotypic and disease characterization of the 194 A—genome synthetic hexaploids (2n=6x=42; AABBAA).
FLOW = days—to—flowering, HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery
white, Y = yellow, and DB = dark brown), P MA = days to physiological maturity, TKW = 1,000—-kernel weight (g),
G/S = number of grains/spike, SL = spike length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Pm
(S) = reaction to powdery mildew at the seedling stage (— indicates missing data), Yr (S) = reaction to stripe rust at

the seedling stage, Yr (A) = reaction to stripe rust at the adult-plant stage (R = resistant, TR = trace resistant, MR =
moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS types, MSS = moderately susceptible
to susceptible, S = susceptible, and TS = trace susceptible).

Synthetic

number | FLOW HT AWN PMA | TKW | G/S SL KB [Pm(S)| Yr(S) | Yr(A)
169 133 119 LB 181 40.4 33 12.0 — 7 9 10R
170 141 121 LB 182 300 10 9.0 — 7 9 10S
171 140 120 LB 185 290 18 10.0 — — 9 30S
172 146 102 LB 183 39.8 8 10.0 — 6 9 308
173 135 112 LB 176 29.3 15 8.0 — 7 9 308
174 122 116 LB 172 36.4 19 16.0 — 4 89 30S
175 139 112 LB 176 324 31 11.0 — 5 89 308
176 132 116 LB 171 10.0 3 11.6 — — 9 308
177 132 108 LB 173 38.4 11.0 — 4 89 308
178 133 100 LB 182 32.6 9 14.0 — 7 9 5R
179 128 108 LB 182 240 16 13.3 — 4 89 SR
180 141 118 LB 183 28.5 4 12.6 - 2 89 20S
181 140 131 LB 180 252 34 8.0 — 3 89 308
182 129 144 LB 187 20.7 25 10.0 — 1 78 30MR
183 137 107 LB 182 33.6 12 11.0 — 0 0 308
184 136 95 LB 180 48.9 12 14.0 — 0 9 308
185 127 85 LB 182 244 18 10.0 - 0 78 308
186 133 116 LB 186 214 52 12.8 — 2 8 80S
187 128 112 LB 176 420 32 12.8 — 7 8 SR
188 124 113 LB 175 43.0 25 10.0 - 7 89 308
189 129 115 LB 177 44.8 22 8.0 — 0 89 5R
190 120 86 LB 182 35.6 27 13.0 — 2 9 40MS
191 122 120 LB 173 452 7 13.0 — 0 9 10R
192 135 98 LB 177 25.0 4 7.0 — 1 9 30MS
193 125 150 LB 177 35.8 11 17.0 — 8 9 308
194 128 145 LB 176 320 18 15.0 — 89 30S

This study has focussed on having in stock a genetic resource in adequate seed amounts that is phenotypi-
cally characterized and molecularly typed for its diversity. Earlier investigations indicated that in the AAB F| hybrids
(2n=3x=21), mean pairing frequency ranged between 5.5 to 6.0 bivalents across the 194 combinations produced with
25 to 50 meiocytes analyzed per F, sample. Because A genome recombination events were possible, the variation of the
diploid progenitors could be harnessed in breeding. Producing AAAABB amphiploids provided a resource that has the
merit of being globally distributed and utilized by providing a more reliable evaluation of the genetic value of the alien
genes in the derived background through a permanent germ plasm base. Although amphiploid instability is a frequent
occurrence, all the synthetics analyzed in our field studies in Pakistan showed exceptional cytological stability. The pre-
dominance of bivalents (Figs. 8—10, pp. 95-97) with a high seed set with well-filled grains enabled adequate production

of seed for national testing against key biotic/abiotic stress production constraints.

The Karnal bunt screening of all the AAAABB synthetic hexaploids reinforced the earlier observations that
have expressed durums to be generally field resistant. Bringing in additional diversity from new diploid progenitor ac-
cessions did not alter this field resistance trend. The A-genome synthetic hexaploids when tested under field conditions
for yellow rust exhibited a parallel trend to the D-genome-based amphiploids. Conclusions drawn in the above study
were that the germ plasm tested fell into two categories:
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Table 13. Phenotypic and disease characterization of the 194 A—genome synthetic hexaploids (2n=6x=42; AABBAA).
FLOW = days—to—flowering, HT = plant height at maturity (cm); AWN = awn color (LB = light brown, AW = amery
white, Y = yellow, and DB = dark brown), P MA = days to physiological maturity, TKW = 1,000—kernel weight (g),
G/S = number of grains/spike, SL = spike length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Pm
(S) = reaction to powdery mildew at the seedling stage (— indicates missing data), Yr (S) = reaction to stripe rust at
the seedling stage, Yr (A) = reaction to stripe rust at the adult—plant stage (R = resistant, TR = trace resistant, MR =
moderately resistant, MS = moderately susceptible, M = overlapping of MR—-MS types, MSS = moderately susceptible
to susceptible, S = susceptible, and TS = trace susceptible).
Entry | FLOW HT AWN | PMA | TKW G/S SL KB | Pm(S) | Yr(S) Yr (A)
1 87 86 LB 101 45 45 9 — 7 0 10R
2 86 86 LB 105 18.5 16 9 — 5 0 SRMR
4 89 78 LB 108 33.0 26 6 — 7 0 TR
5 87 76 LB 112 37.6 18 6 — 3 0 10R
8 95 103 LB 108 32.2 30 9 — 3 0 0
9 88 103 LB 103 41.6 38 8 — 3 0 5R
11 85 102 LB 99 46.0 28 6 — 2 0 0
12 98 96 LB 110 37.0 41 10 — 4 0 SR
13 88 102 LB 100 41.1 28 7 — 5 0 10R
14 87 85 LB 106 46.5 31 7 — 6 0 10MR
17 92 83 LB 112 32.0 42 11 — 6 0 40R
20 89 85 LB 114 38.4 47 10 — — 0 10R
21 87 90 LB 102 35.1 34 9 — 5 0 SR
22 89 103 LB 115 34.8 48 9 — 7 0 0
23 100 68 LB 115 12.5 9 8 — 2 0 20MRMS
25 89 75 LB 100 42.5 36 8 — — 0 40MS
26 82 104 LB 98 35.5 41 9 — — 0 SR
27 82 90 LB 95 41.2 45 8 — — 0 20RMR
28 88 92 LB 93 44.2 28 8 — — 0 TR
33 92 93 LB 105 32.1 30 5 — — 0 20MRMS
34 102 104 LB 115 343 34 5 — — 0 20MRMS
35 102 97 LB 116 32.4 23 7 — — 0 20MRMS
37 100 96 LB 112 29.7 9 9 — — 0 TR
40 100 78 LB 118 342 30 9 — — 0 0
45 89 87 LB 103 42.7 15 7 — — 78 TR

quence of both the durum wheat parent and the A-genome parent where both parents were resistant.

1. Dual resistance, where the durum wheat parent and the corresponding synthetic hexaploid entry were resist-
ant. Because the diploid donor was not tested, the resistance of the synthetic could be due to the durum par-
ent alone or the durum parent complimented by the resistance in the diploid donor accession.

2. Resistance in the synthetic and susceptibility in the durum wheat parent. This category provided unequivo-
cal support that the resistance was a contribution of diversity that was expressed from the diploid donor ac-

cession.

By analogy, the stripe rust resistance present in the AAAABB synthetics is inferred to emanate either from the
durum wheat parent if that was resistant or the A-genome diploid if the durum wheat was susceptible, or as a conse-

Systematic discussion is now built upon addressing the phenology, disease, and genetic diversity of the 194 A-
genome synthetics that have been used. The synthetics have been grouped into various categories based upon the durum
wheat parent used (Table 5, p. 93) where group 1 has two synthetics with the same durum wheat cultivar entry 21; YAR-
MUK. From the various groups, number 19 contributed to 31 AABBAA synthetics and the durum wheat parent is entry
number 11 (CPI/GEDIZ/3/GOO//JO/CRA). In this group, the synthetics have been separated according to the diploid
parent used, thus the categories discussed are T. monococcum subsp. aegilopoides with 23 synthetics, T. monococcum
subsp. monococcum with five, and T. urartu with three (Table 11, p. 101).
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Table 14. Molecular fingerprinting pattern by random amplified polymorphic DNA (RAPD) primers in the A-genome
synthetic hexaploids (2n=6x=42; AABBAA).

Primer Polymorphic Y% Samples Scorable Amplification
number | Primer | Total loci loci polymorphism | amplified bands product range (bp)
1 OPD-20 14 14 100% 84 448 250-3,000
2 OPE-1 12 12 100% 73 321 500-2,500
3 OPE-2 9 9 100% 34 119 500-2,500
4 OPE-3 12 12 100% 124 666 250-2.,500
5 OPE-4 12 12 100% 113 476 250-3,000
6 OPE-5 5 5 100% 35 37 750-3,000
7 OPE-6 12 12 100% 63 187 500-2,500
8 OPE-7 13 13 100% 85 422 500-3,000
9 OPE-12 12 12 100% 49 150 500-2,500
10 OPE-14 11 11 100% 79 289 500-2,500
11 OPE-15 14 14 100% 80 382 250-2,500
12 OPE-16 13 13 100% 46 115 250-2.,500
13 OPE-19 11 11 100% 35 112 250-2.,500
14 OPF-10 10 10 100% 47 152 500-2,500
15 OPF-12 11 11 100% 40 133 500-2,500
16 OPF-13 12 12 100% 65 275 250-2.,500
17 OPF-14 13 13 100% 60 292 250-2,500
18 OPF-15 11 11 100% 42 184 500-2,500
19 OPF-16 3 3 100% 3 4 1,000-3,000
20 OPF-20 11 11 100% 41 190 500-2,500
21 OPG-2 10 10 100% 9 27 500-2,500
22 OPG-3 11 11 100% 13 49 500-2,500
23 OPG-8 9 9 100% 74 233 750-2,500
24 OPG-10 8 0 0% 1 8 750-2.,500
25 OPG-17 6 0 0% 1 6 1,000-2,000
26 OPG-18 13 13 100% 18 81 250-2,500
27 OPG-19 11 11 100% 52 270 500-2,500
28 OPH-1 8 8 100% 2 10 500-2,500
29 OPH-2 14 14 100% 12 46 250-3,000
30 OPH-4 10 10 100% 51 159 500-2,500
31 OPH-5 12 12 100% 12 57 500-2,500
32 OPH-11 2 0 0% 1 2 500-1,000
33 OPH-12 8 8 100% 10 30 250-1,000
34 OPH-13 11 11 100% 15 48 500-2,500
35 OPH-15 10 10 100% 11 28 250-2,000
36 OPH-17 5 5 100% 6 10 500-2,500
37 OPH-19 10 10 100% 15 37 500-2,500
38 OPI-2 6 0 0% 1 6 500-1,500
39 OPI-4 1 1 100% 1 1 1,500
40 OPI-6 12 12 100% 29 159 250-2,500
41 OPI-7 9 9 100% 8 23 250-2,000
42 OPI-9 14 14 100% 69 200 250-3,000
43 OPI-10 11 11 100% 69 218 250-2,000
44 OPI-12 15 15 100% 121 643 250-3,000
45 OPI-14 11 11 100% 41 138 250-2.,500
46 OPI-16 10 10 100% 27 69 250-2,000
47 OPI-17 12 12 100% 53 245 1,000-1,500
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Table 14. Molecular fingerprinting pattern by random amplified polymorphic DNA (RAPD) primers in the A-genome
synthetic hexaploids (2n=6x=42; AABBAA).

Primer Polymorphic %o Samples Scorable Amplification

number | Primer | Total loci loci polymorphism | amplified bands product range (bp)
48 OPI-18 1 1 100% 3 3 1,000-1,500
49 OPI-20 11 11 100% 25 87 250-2,500
50 OPJ-1 12 12 100% 14 50 250-2,000
51 OPJ-6 11 11 100% 21 63 750-2,500
52 OPJ-9 12 11 91.67% 48 124 500-3,000
53 OPJ-17 11 11 100% 13 47 500-3,000
54 OPJ-19 11 11 100% 54 235 250-2,000
55 OPJ-20 12 12 100% 116 536 250-2,500
56 OPK-15 5 5 100% 18 34 750-2,000
57 OPK-16 13 13 100% 101 331 250-3,000
58 OPK-19 11 11 100% 70 290 250-2,000
59 OPK-20 7 7 100% 3 14 250-1,500
60 OPL-7 8 8 100% 17 25 250-3,000
61 OPL-8 8 0 0% 2 16 250-2,000
62 OPL-11 12 12 100% 62 300 250-2,500
63 OPL-12 10 10 100% 86 308 250-2,000
64 OPL-14 12 12 100% 52 135 250-3,000
65 OPL-16 11 11 100% 72 236 500-2,500
66 OPL-20 14 14 100% 71 242 250-2,500
67 OPM-1 8 8 100% 27 65 500-1,500
68 OPM-3 12 12 100% 46 184 250-2,500
69 OPM-4 10 10 100% 18 70 500-2,500
70 OPM-5 11 11 100% 11 37 250-2,500
71 OPM-7 11 11 100% 15 64 500-2,500
72 OPM-8 3 3 100% 6 7 1,000-1,500
73 OPM-10 10 10 100% 54 234 250-2,000
74 OPM-12 7 7 100% 11 32 500-2,500
75 OPM-13 12 12 100% 26 92 250-2,500
76 OPM-14 1 1 100% 1 1 500
77 OPM-15 8 8 100% 24 57 750-2,500
78 OPM-16 10 10 100% 27 89 500-2,500
79 OPM-20 14 14 1000% 17 102 500-2,500
80 OPN-1 2 0 0% 1 2 250-500
81 OPN-2 14 14 100% 40 180 250-2500
82 OPN-3 10 10 100% 7 34 250-2500
83 OPN-4 12 12 100% 69 329 250-2500
84 OPN-5 11 11 100% 33 89 250-2,500
85 OPN-7 6 6 100% 9 19 500-2,000
86 OPN-9 13 13 100% 14 53 250-2,500
87 OPN-11 9 9 100% 13 40 250-2,000
88 OPN-12 11 11 100% 34 124 250-3,000
89 OPN-13 12 12 100% 8 39 500-2000
90 OPN-14 13 13 100% 16 73 250-2,500
91 OPN-16 9 9 100% 93 381 500-2,000
92 OPN-18 13 13 100% 71 319 250-2,500
93 OPN-19 13 13 100% 22 60 250-3,000
94 OPN-20 11 11 100% 26 119 250-2,500
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Table 14. Molecular fingerprinting pattern by random amplified polymorphic DNA (RAPD) primers in the A-genome
synthetic hexaploids (2n=6x=42; AABBAA).

Primer Polymorphic %o Samples Scorable Amplification
number | Primer | Total loci loci polymorphism | amplified bands product range (bp)
95 OPO-12 8 8 100% 7 16 500-2,000
96 OPO-13 6 6 100% 4 12 1,000-2,500
97 OPQ-6 12 12 100% 13 63 250-2,500
98 OPQ-9 8 8 100% 9 27 250-1,500
99 OPQ-14 15 15 100% 52 277 250-3,000
100 OPQ-16 13 13 100% 72 344 250-2,500
101 OPR-1 13 13 100% 63 163 250-2,500
102 OPR-4 6 6 100% 17 24 1,000-2,000
103 OPR-8 12 12 100% 124 400 250-1,500
104 OPR-9 12 12 100% 39 149 250-3,000
105 OPR-20 13 13 100% 49 160 250-3,000
106 OPT-8 9 9 100% 28 70 250-1,500
107 OPV-3 11 11 100% 18 70 500-3,000
108 OPV-18 09 09 100% 38 110 500-2,500

Table 15. Molecular fingerprinting pattern by random amplified polymorphic DNA (RAPD) primers in the B-genome
synthetic hexaploids (2n=6x=42; AABBBB(SS)).

Amplification

Primer Polymorphic % Samples Scorable product range

number | Primer | Total loci loci polymorphism | amplified bands (bp)
1 OPA-3 8 8 100% 4 15 750-2,500
2 OPA-4 1 1 100% 1 1 1,000
3 OPB-1 8 5 62.5% 5 10 750-3,000
4 OPC-2 5 5 100% 5 7 750-2,000
5 OPE-9 2 2 100% 2 2 1,500
6 OPE-11 1 1 100% 1 1 1,000
7 OPE-14 4 2 50% 2 5 750-1,500
8 OPE-15 9 8 88.88% 5 21 500-2,500
9 OPE-16 7 6 85.71% 4 15 250-2,000
10 OPG-2 3 2 66.66% 2 4 750-1,500
11 OPG-5 8 8 100% 8 26 250-1,500
12 OPG-13 1 1 100% 2 2 1,500
13 OPI-7 9 7 77.77% 4 22 250-2,000
14 OPI-19 9 4 44.44% 4 17 250-2,000
15 OPJ-1 5 1 20% 1 5 500-1,500
16 OPJ-9 3 3 100% 4 7 750-1,500
17 OPJ-20 4 2 50% 6 21 250-1,000
18 OPK-9 2 2 100% 2 2 1500-2,000
19 OPL-1 7 7 100% 4 13 500-1,500
20 OPL-2 9 9 100% 7 20 250-1,500
21 OPL-12 4 3 75% 6 15 750-1,000
22 OPL-20 8 5 62.5% 8 17 250-2,500
23 OPM17 8 8 100% 4 18 250-1,500
24 OPN-1 3 3 100% 2 3 1,000-2,000
25 OPN-2 7 7 100% 6 16 250-2,000
26 OPN-3 2 2 100% 3 4 1,500
27 OPN-4 6 4 66.66% 8 29 500-1,500
28 OPN-5 6 6 100% 7 17 250-1,500
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Table 15. Molecular fingerprinting pattern by random amplified polymorphic DNA (RAPD) primers in the B-genome
synthetic hexaploids (2n=6x=42; AABBBB(SYS)).

Amplification
Primer Polymorphic %0 Samples Scorable product range
number Primer | Total loci loci polymorphism amplified bands (bp)
29 OPN-6 7 7 100% 9 25 250-1,500
30 OPN-9 2 2 100% 2 3 250-1,500
31 OPN-12 4 1 25% 2 7 500-2,000
32 OPN-17 4 4 100% 3 9 500-1,000
33 OPP-16 3 3 100% 5 7 750-1,500
34 OPQ-5 4 4 100% 5 12 250-1,000
35 OPW-4 3 3 100% 3 6 750-2,000
36 OPW-5 1 1 100% 1 1 1,000
37 OPX-2 4 0 0% 1 4 750-1,500
38 OPX-12 4 4 100% 3 9 500-1,000
39 OPY-7 2 0 0% 2 4 1,000
40 OPY-8 3 0 0% 1 3 750-1,500

Table 16. Molecular fingerprinting pattern by simple sequence repeat (SSR) primers in A-genome synthetic hexaploids
(2n=6x=42; AABBAA).

Amplification
Primer Total | Polymor- % Samples | Scorable |product range
number Primer loci phic loci | polymorphism | amplified bands (bp) PIC
1 Xgwml0-2A 7 7 100% 58 73 50-150 0.36
2 Xgwmd7.1-2A 5 5 100% 31 36 50-200 0.57
3 Xgwmd7.2-2A 6 6 100% 18 28 50-200 0.51
4 Xgwm71.1-2A 6 6 100% 34 80 50-150 0.73
5 Xgwm71.2-2A 6 6 100% 27 61 50-150 0.76
6 Xgwm95-2A 3 3 100% 56 62 50-150 0.37
7 Xgwm122-2A 5 5 100% 17 20 50-150 0.43
8 Xgwm?249-2A 9 9 100% 50 92 50-200 0.78
9 Xgwm265-2A 4 4 100% 16 16 50-200 0.36
10 Xgwm296-2A 5 5 100% 15 18 50-100 0.65
11 Xgwm311-2A 9 9 100% 46 112 50-250 0.77
12 Xgwm312-2A 6 6 100% 68 85 50-150 0.57
13 Xgwm372-2A 3 3 100% 15 16 50-200 0.28
14 Xgwm382-2A 8 8 100% 25 45 50-200 0.85
15 Xgwmd473-2A 1 1 100% 6 6 50-100 0.00
16 Xgwm515-2A 5 5 100% 44 65 50-150 0.75
17 Xgwm558-2A 6 6 100% 22 32 50-100 0.76
18 Xgwm5-3A 8 8 100% 31 50 50-200 0.70
19 Xgwm30-3A 4 4 100% 12 14 50 0.38
20 Xgwml62-3A 4 4 100% 34 38 50-200 0.47
21 Xgwm391-3A 4 4 100% 9 12 50-300 0.70
22 Xgwm666.2-3A 4 4 100% 25 31 50-150 0.58
23 Xgwm397-4A 2 2 100% 22 24 50 0.12
24 Xgwm601-4A 5 5 100% 42 49 50-100 0.59
25 Xgwm637-4A 1 1 100% 17 17 50 0.00

The T. monococcum subsp. aegilopoides-based SHs are entries 86, 87,95, 96,97, 98, 99, 100, 107, 108, 109,
110, 114,131, 132, 134, 135, 138, 139, 140, 142, 175, and 183. The range for days-to-flowering in this set is 120—150
days. Among those that are considered early flowering (120—135 d) are 110 (120 d), 97 and 138 (125 d), 98 (126 d), 100
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(131d), 132 (133 d), 95 (134 d), and 114 (135 d). The range for days to physiological maturity was 175-191 days, of
which 11 matured by 180 days (86, 87,97,98, 107, 110, 132, 134, 135, 140, and 175). Thousand-kernel weight ranged
from 30.8 to 72 g. A majority of lines were up to 50 g, and those higher than 50 g were 95 (71 g), 96 (59 g), and 190
(58 g). Grains/spike ranged from 3 to 57, with a majority between 10 to 20. A maximum of 57 grains/spike was found

113



ANNUXL WHEANT NewWSLETTER vV o L. S 7.
inentry 131; 138 had 41 grains/spike. Spike length ranged from 7 to 17 cm, where the greatest was 17 cm in entry 139.
Entrys 100 and 131 had 14-cm spikes. The detailed data is in Table 12 (pp. 103-107).

All AABBAA synthetics possessed Karnal bunt resistance (Table 12, pp. 103-107). For powdery mildew seed-
ling resistance, entries showing a susceptible reaction were 99, 114, 132, 135, and 175. All the others were classified as
resistant. Seedling resistance for stripe rust was limited to five entries; 95, 108, 109, 132, and 183. The first three entries
also had APR and are favored candidates for wheat breeding. Other entries possessing seedling susceptibility but having
APR were 96, 114,135, 138, 139, and 142. These lines have minor genes and are highly desirable for durable resistance
breeding.

The RAPD- and SSR-based analyses on the 194 AABBAA synthetics indicated a wide diversity. Maximum
diversity was highest for entry 107 by RAPD analysis. Other diverse entries are 95,97, 138, and 142 (Fig. 13, p. 113).
Two diverse lines based upon SSR analysis were 135 and 138 (Fig. 14, p. 113); with entry 138 being common. This line
also possessed APR for stripe rust, had KB resistance, and some positive phenotypic traits rendering it a potent source
for breeding efforts. Line 95 is resistant to Karnal bunt, powdery mildew, and strip rust and has a high 1,000-kernel
weight. Such comprehensive checks identify various synthetics for exploitation.

The synthetic lines mentioned above are from five durum wheat entries (115, 116, 121, 122, and 146), and two
lines (116 and 121) have multiple traits for resistance and good phenology. Three durum/T. urartu synthetics (190, 193,
and 194) are suitable for breeding possessing multiple positive attributes (Table 12, pp. 103-107).

A stringent analysis of the phenotypic and biotic stress data across all the 194 AABBAA synthetics studied indi-
cate that the 14 entries are elite in performance and top priority candidates for wheat improvement; 9, 12, 52,59, 71, 95,
103 108, 111, 116, 121,124, 138, and 190. They possess a maximum of positive traits and also are molecularly diverse.
Within each group, this number can be enhanced based upon fewer of positive traits (Table 12, pp. 103-107).

Of the 14 elite entries some are described in detail for their practical attributes:

Entry 9: resistant to KB and powdery mildew, early flowering (117 d), 1,000-kernel weight (58 g), grains/spike
(39), spike length (14 cm),

Entry 12: resistant to KB and powdery mildew, grains/spike (33), spike length (14.1 cm),

Entry 52: resistant to KB and powdery mildew, 1,000-kernel weight (68 g), grains/spike (35),

Entry 59: resistant to KB and stripe rust (seedling and APR), 1,000-kernel weight (56.4 g), grains/spike (37),

Entry 71: resistant to KB and powdery mildew, 1,000-kernel weight (53.2 g), spike length (14.6 cm),

Entry 103: resistant to KB and stripe rust (APR), 1,000-kernel weight (56.6 g), grains/spike (38),

Entry 108: resistant to KB and stripe rust (seedling and APR), 1,000-kernel weight (72 g), grains/spike (36),

Entry 111: resistant to KB and powdery mildew, early flowering (120 d), spike length (15 cm), and

Entry 124: resistant to KB, grains/spike (32), spike length (14 cm).

Genomic diversity present in the A-genome diploids is plentiful and a boon for broadening the wheat genetic
base. Often, single valuable traits of significance are exploited, but the our studies have shown that multiple traits can
be harnessed simultaneously to assist efficiency of breeding. The more traits are present in the starting genetic stock,
the easier to isolate recombinants where the wheat parent contributions are additive. These stocks are excellent tools for
screening for other stress traits and, with the molecular diversity foundation established here, the meaningful decisions
can aid the way forward in breeding.

Cytological, phenoligical, and molecular characterization of B-genome synthetic hexaploids.
Alvina Gul Kazi, Farrukh Bashir, Hadi Bux, Awais Rasheed, Rabia Sultan, Abdul Aziz Napar, and Abdul Mujeeb-Kazi.

The polyploid Aegilops and Triticum species sharing one genome with wheat are included in the secondary gene pool.
Also included are the diploid species of the Sifopsis section. Genetic transfers are routine within homologous genomes
but require manipulative protocols between nonhomologous types. Embryo rescue is a complementary aid for obtaining
hybrids. Although limited use exists for wheat improvement, priority has been suggested for exploiting the Sitopsis spe-
cies Ae. speltoides (2n = 2x =14, SS) for durum and bread wheat improvement. Breeding protocols are more complex
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because manipulation strategies associated with alien gene transfer often incorporate undesirable traits together with the
target gene of interest.

We currently are exploiting Ae. speltoides accessions via a hexaploid—amphiploid bridge-cross (2n=6x=42,
AABBSS) (Fig. 15). These newly produced amphiploids have shown initial promise for resistance to C. sativus, F.
graminearum, S. tritici, barley yellow dwarf virus, and leaf and stripe rust. More testing together with exploiting the
potential of other Sitopsis species diploids appears logical, recognizing that the positive outputs from Ae. speltoides ac-
cessions genetic is just one example.

T. turgidum subsp. turgidum X Ae. speltoides
(2n=4x=28, AABB) (2n=2x=14, SS)

F, hybrid
(2n=3x=21, ABS)

Amphiploid
(AABBSS)
Fig. 15. Schematic for AABBSS production involving 7. turgidum subsp. turgidum and Ae. speltoides (2n=2x=14, SS).

Table 17. The B-genome synthetic hexaploid Table 18. Pedigrees of the B-genome synthetic hexaploids.
entries utilized in the study, synthetic hexa- Synthetic
ploid entry numbers are similar to those main- number Parentage/pedigree
tained in CIMMYT, Mexico, Wide Crosses 6 CETA/Ae. speltoides (127)
Program. Pedigrees details are given in Table 7 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae. speltoides (129)
18. 9 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae. speltoides (133)
B-genome synthetic 10 ARLIN 1/4e. speltoides (134)

hexaploid Total 11 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae. speltoides (135)
Group No.| entry Numbers entries 12 CETA/Ae. speltoides (135)
1 7,9,11,48 4 13 CETA/Ae. speltoides (139)
2 6,12,13 3 18 ALTAR 84/Ae. speltoides (141)
3 10,22, 24,25, 26, 10 19 CROC 1/Ae. speltoides (149)

32,34,36,47,49 22 ARLIN 1/Ae. speltoides (126)
4 18 1 23 D67.2/P66.270//Ae. speltoides (126)
5 19 1 24 ARLIN 1/Ae. speltoides (128)
6 23 1 25 ARLIN 1/Ae. speltoides (130)
26 ARLIN 1/Ae. speltoides (131)
) 32 ARLIN 1/Ae. speltoides (143)
A set of 20 B-genome synthetics were 34 ARLIN 1/4e. speltoides (144)
cytologically and. phenologically‘characterized 36 ARLIN 1/de. spelioides (145)
el st o mlden 0. [T AREIN Ve el 1)
48 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae. speltoides (157)
Since the initial production of the B- 49 ARLIN 1/de. speltoides (158)

genome hexaploids, the number available has

decreased to 34. Several of the original 54 total were poorly adapted to the Pakistani conditions at Islamabad. In con-
trast to the A-genome synthetics, the B-genome synthetics are weaker plants and showed aneuploid meiotic associations
(Fig. 16a and b, p. 116) and all expressed a co-dominant spike phenotype (Fig. 17a, p. 116). At meiosis, open bivalents
increased in number with increased appearance of multiple chromosomal associations, trivalents, quadrivalents, and to

a lesser degree pentavalents and aneuploidy (Table 19, p. 117). Like the A-genome hexaploids, those of the B genome
were similar in having a tall plant habit (100-130 cm) and late maturity (145-155 days) under Islamabad conditions.
Seed fertility was satisfactory in those that were adapted, but the seed was shriveled. The crossability across all combi-
nations obtained at CIMMYT was of a high frequency (Table 19, p. 117) and regeneration of embryos was generally over
90% with colchicine-induced doubling to yield the AABB(SS) amphiploids also of a similar or higher level (Table 20, p.
118). C-banding was used to validate the presence of four B genomes in the amphiploid.
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All the entries were screened in pot trials in the green-
house at Murree. Nine of 20 B-genome synthetic hexaploids
showed a resistant reaction to powdery mildew at the seedling
stage (Table 21, p. 119). Infection type ranged from 0—6 in
all lines at the seedling stage indicating the presence of major
genes for resistance. Some of these resistant accessions ex-
hibited different reaction types against powdery mildew under
field conditions. The entries also were screened under field
conditions at Kaghan and a majority of the germ plasm showed
APR and were found to be resistant to completely resistant
(immune). In B-genome synthetic hexaploids, the accessions
were found to be completely resistant (immune) to susceptible
at seedling stage. The accessions that showed resistance at
seedling stage are 1,3,4,5,6,7,8,13, and 18. Resistant lines
at the seedling stage provide a source of major resistance genes
but further evaluation at the adult-plant stage is needed for the
identification of lines with novel resistance source and, thus, for
further exploitation in future breeding programs.

Evaluation of genetic diversity using random amplified
polymorphic DNA (RAPD) primers. RAPD primers were
used for genetic diversity evaluation of A-, B-, and D-genome
synthetic hexaploids. All 520 RAPD primers of the Operon
Series were screened and working primers were identified and
applied to detect genetic polymorphism at DNA level. Samples
that did not amplify were not included in the analysis.

Genetic analysis was performed only on the scorable
bands. Every single band was considered as a single locus/al-
lele. The loci
were scored
as present/ab-

genotype 2.

Fig. 17. Spike morphology of B-genome (S)
genome hexaploids derived from 7. turgidum
subsp. turgidum (2n=4x=28, AABB)/A.
speltoides crosses (2n=2x=14; SS) from left
to right (a) T. turgidum subsp. turgidum, (b)
T. turgidum cv. Cerceta/Ae. speltoides (B-13),
and (c) T. turgidum cv Cerceta/Ae. speltoides
(B-02).
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Fig. 16. Meiotic associations at metaphase I of
some B-genome synthetic hexaploids, genomically
AABBSS, showing (a) an aneuploid synthetic
wth 41 chromosomes with one trivalent (arrow)
and a mixture of ring and rod bivalents and (b) an
aneuploid synthetic derivative with 41 chromosomes
and univalents, ring and rod bivalents, and one
quadrivalent association (arrow).

sent. Bivariate data 1-0 were used to estimate genetic distances (GD).
The unweighted pair group of arithmetic means (UPGMA) function
estimated GD between the genotypes as follows: GD =1- dxy/dX +d
- dxy, where GD, = genetic distance between two genotypes, dXy =
number of common loci (bands) in two genotypes, d = total number
of loci (bands) in genotype 1, and dy = total number of loci (bands) in

total

The efficiency of primers to amplify the genotypes ranged
from nine (OPN-6) to one (OPA-4, OPE-11, OPJ-1, OPW-5, OPX-2,
and OPY-8) (Table 22, p. 120). Scorable bands ranged from one (OPA-
4, OPE-11, and OPW-5) to 29 (OPN-4).

Genetic analysis of the population showed that the B-genome
synthetic hexaploids scored total 190 loci with 151 as polymorphic
(79.47%) (Table 22, p. 120). The range of scorable bands was from

Similarity matrix. Bivariate analysis was conducted to generate a simi-
larity matrix and dendrogram using Nei and Li’s coefficient to estimate
genetic diversity. The similarity coefficient in B-genome synthetic
hexaploids ranged from 54.7% (6 and 7) to 100% (between 6 and 47, 6
and 9, and 9 and 47).
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Table 19. Mean meiotic chromosomal associations at metaphase I of AABBBB(SS) synthetic hexaploids (amphip-

loids) involving T. turgidum subsp. turgidum cultivars and B-genome diploid accessions of Ae. speltoides (I = univa-

lent, rII = rod bivalent, oIl = ring bivalent, III = trivalent, cIV = chain quadrivalent, oIV = ring quadrivalent, XTA =

chiasmata).

Synthetic | No. Chromosome
No. cells I rlI oll I clV olV \ VI XTA number

1 20 1.40 3.70 15.3 0.20 0.50 0.00 0.00 0.00 36.2 42

2 20 2.90 6.90 7.20 1.00 1.30 0.30 0.10 0.00 28.8 41

6 20 5.30 5.30 7.40 1.10 1.00 0.10 0.20 0.10 26.5 40

7 20 5.70 4.40 8.60 0.60 1.30 0.20 0.10 0.00 27.5 40

8 20 5.30 5.50 7.80 1.00 0.90 0.00 0.10 0.00 25.8 39

9 20 4.80 5.40 7.20 1.80 1.40 0.00 0.20 0.00 27.6 42

10 20 5.20 7.40 7.60 1.80 0.60 0.00 0.00 0.00 28.0 43

11 20 0.00 3.40 164 0.00 0.60 0.00 0.00 0.00 38.0 42

12 20 3.20 4.40 11.8 1.00 0.60 0.00 0.00 0.00 38.8 41

13 20 3.00 3.80 14.5 0.40 0.30 0.00 0.00 0.00 345 42

16 20 1.90 2.60 12.9 1.00 0.80 0.10 0.10 0.00 33.6 40

17 20 2.40 4.10 12.2 1.40 0.50 0.20 0.00 0.00 33.6 42

19 20 6.60 6.00 5.80 1.80 1.20 0.40 0.00 0.00 264 42

22 20 4.50 3.20 9.60 1.10 0.40 0.00 0.00 0.00 25.8 35

23 20 5.70 6.20 3.80 2.20 0.80 0.20 0.10 0.20 22.2 38

27 20 2.30 7.90 7.40 1.10 0.90 0.30 0.00 0.00 28.8 41

30 20 3.50 5.50 10.8 0.90 0.70 0.10 0.00 0.00 314 42

32 20 5.00 6.00 7.20 1.80 0.30 0.10 0.00 0.10 25.7 39

34 20 1.90 5.50 12.1 0.60 0.20 0.20 0.10 0.00 323 41

37 20 3.00 6.80 11.0 0.60 0.30 0.10 0.00 — 31.3 42

38 20 22.5 7.70 1.40 0.10 0.00 0.00 0.00 0.00 10.7 41

39 20 2.00 4.50 142 0.40 0.10 0.00 0.00 — 34.0 41

40 20 9.50 8.90 5.80 0.50 0.20 0.20 0.00 0.00 229 42

41 20 6.20 9.30 6.90 0.40 0.20 0.10 0.00 — 249 41

42 20 4.40 7.80 7.90 0.80 0.30 0.40 0.00 — 27.7 41

43 20 1.70 5.00 13.7 0.70 0.10 0.10 0.00 — 345 42

45 20 7.40 7.60 6.50 1.40 0.20 0.10 0.00 - 24 4 41

47 20 3.90 6.10 9.20 1.10 0.10 0.20 0.00 — 27.8 39

48 20 1.20 4.60 13.6 0.60 0.10 0.30 0.00 — 345 41

49 20 2.20 5.30 13.0 0.40 0.20 0.30 0.00 — 33.9 42

52 20 5.20 5.10 9.80 1.40 0.20 0.00 0.00 0.00 28.1 40

Dendrogram interpretation. The GD between genotypes was used to construct a dendrogram by UPGMA analysis for
determining grouping of the lines on the basis of similarities and differences. The dendrogram of B-genome (Fig. 18,
p- 118) has only one cluster with 7 as the most diverse line with 11, 18, 24, 36, and 48 as other good lines of this group.
The genotypes 6, 9, and 47 are 100% similar.

Evaluation of genetic diversity using simple sequence repeat (SSR) primers. SSR primers were used for genetic
diversity evaluation of B-genome synthetic hexaploids. All 275 SSR primers were applied on each set to detect genetic
polymorphism at DNA level. The samples which did not amplify were not included in the analysis.

Efficiency of primers to amplify the genotypes ranged from 19 (Xgwm257-2B, Xgwm319-2B, and Xgwm554-5B)
to one (XgwmlilI-1B, Xgwm148-2B, Xgwm540-5B, and Xgwm569-7B) in B-genome synthetic hexaploids. Scorable bands
ranged from one (Xgwmli1-1B, XgwmlI48-2B, and Xgwm569-7B) to 61 (Xgwm?213-5B) (Table 23, pp. 121-122).

Population genetic analysis showed that the B-genome synthetic hexaploids scored total 327 alleles with 299 as
polymorphic or 91.43% (Table 23, pp. 121-122). The range of scorable bands was 50-800 bp.
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Fig. 18. RAPD-based cluster formation of 20 genotypes of the

B-genome synthetic hexaploids (2n=6x=42; AABBSS).
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Fig. 19. SSR-based cluster formation of 20 genotypes of the
B-genome synthetic hexaploids (2n=6x=42; AABBSS).

Table 20. The mean crossability data of some
B-genome synthetic hexaploids (7. turgidum
subsp. turgidum/Ae. speltoides).
Synthetic | Florets Embryos
number | pollinated | Seed set rescued
22 48 14 14
23 24 15 15
24 48 14 14
25 48 7 7
26 37 20 20
27 48 20 19
28 48 17 15
29 24 16 15
30 96 33 20
31 76 14 13
32 48 20 20
33 48 10 9
34 48 20 20
35 52 2 2
36 48 5 4
37 48 20 18
38 24 21 19
39 48 27 20
40 48 20 18
41 72 21 20
42 48 20 20
43 48 20 18
44 24 20 15
45 48 23 20
46 96 16 10
47 48 26 20
48 48 12 12
49 24 11 11
50 72 3 2
51 24 21 20
52 120 47 20
53 24 11 5
54 48 20 17
55 48 11 10
56 48 4 3

Similarity matrix. A bivariate analysis was conduct-
ed to generate a similarity matrix and dendrogram
using Nei and Li’s coefficient to estimate genetic
diversity. The similarity coefficient in B-genome
synthetic hexaploids ranged from 58.2% (13 and 49)
to 88.1% present between 24 and 32.

The B-genome diploids offer another
reservoir of genetic diversity that can provide wheat
breeders a unique source of variation for traits that
limit productivity. These lines have been limited in
practical use essentially because of chromosomal
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behavior. The classic Table 21. Morphological and disease characterization of 20 B-genome synthetic hexa-
example has been of the ploids (2n=6x=42; AABBSS). FLOW = days-to-flowering, HT = plant height at maturity
Ph suppression activity, (cm), AWN = awn color (LB = light brown, AW = amery white, Y = yellow, and DB =
and the alien transfer that dark brown), PMA = days to physiological maturity, TKW = 1,000-kernel weight (g),
has been a standard in G/S = grains/spike, SL = spike length (cm), and Pm (S) = powdery mildew reaction at the
cytogenetic manipula- seedling stage.
tion studies. For applied Synthetic
efforts focusing on Ae. number | FLOW | HT | AWN | PMA | TKW | G/S SL Pm (S)
speltoides, researchers 6 113 72 Y 161 | 520 22 10.0 0
in CH\gi’FYT initiated o 1490 | 80 | v 160 | 400 40 125 8
an ambIious Programro-— 19 13 [ 75 Y 160 | 603 56 14.0 0
make AABBSS synthet 175 133 | 90 | AW | 164 | 627 | 28 150 0
ics and generated over 50
lines. Of these, 20 were 11 112 85 AW 163 448 60 12.0 1
used to study phenology 12 129 98 Y 164 18.0 5 13.0 0
screening resistance. 18 133 66 LB 166 60.0 30 13.0 1
Four lines appeared to be 19 139 78 AW 163 40.0 36 11.3 1
useful sources for further 22 131 85 AW 165 400 34 12.6 6
exploitation in breeding; 3 130 | 89 Y 162 | 400 36 12.8 7
entries 6,9, 10, and 11 24 130 | 92 | AW | 164 | 500 6 93 6
(Table 21). All possessed 17 145 [ 74 | Aaw | 166 | 132 14 11.0 3
seedling resistance for
powdery mildew. Some 26 113 65 AW 161 44.8 42 8.5 8
phenotypic attributes of 32 146 90 Y 165 18.0 12 16.0 8
thes four lines are 34 134 87 AW 160 22.4 1 13.0 8
Entry 6: days- 36 141 68 Y 166 15.0 9 16.0 8
to-flowering 47 118 63 AW 161 28.6 46 8.0 0
(113), 48 134 77 LB 162 11.0 8 14.0 7
1,000-kernel 1 49 133 79 | AW 164 | 195 27 18.5 7
weight (52.0
),

Entry 9: days-to-flowering (113), 1,000-kernel weight (60.3 g), grains/spike (56), spike length (14 cm) (This
was the best line in the set),

Entry 10: 1,000-kernel weight (62.7 g), spike length (15 cm), and

Entry 11: days-to-flowering (112), grains/spike (60).

The 20 synthetics (AABBSS) were tested for diversity using RAPDs (Fig. 18, p. 118) and SSRs (Fig. 19, p.
118). The maximum diversity via RAPD markers was for entry 7. Using SSR markers, entries 6 and 9 showed maxi-
mum diversity, were linked, and also have been selected for use in breeding based upon resistance plus phenotypic at-
tributes. Entry 10 also showed good diversity and has other positive traits of interest.

The Mantel Test (Z) between RAPD and SSR similarity matrices for the population of B-genome synthetics
indicates a RAPD-SSR matrix correlation (r) of —0.113 with a P value of 0.247. The Z value was used to compare the
direction of diversity generated by both marker systems (RAPDs and SSRs). For this purpose, the similarity matrix for
RAPDs and SSRs of each population was used. A negative diversity spectrum was shown by both markers in the popu-
lation.

From the limited number of 20 B-genome synthetics studied, that four were superior for use in breeding is a
fairly high frequency and encouraging. The meiotic behavior during maintenance of these stocks is a notch below that
of the A-genome synthetics; more rod bivalents/aneuploidy is observed, but seed set is adequate. The trait value coupled
with the molecular diversity status and a unique genetic resource sparsely used in breeding make this germ plasm impor-
tant for further exploitation and additional stock production. Target practices can give precision to the efforts whereby
screening of all accessions and actively pursuing the direct crossing protocols in use for the A- and D-genome diploids
can be applied here also.
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Table 22. Molecular fingerprinting by random amplified polymorphic DNA (RAPD) primers in B-genome synthetic
hexaploids (2n=6x=42; AABBSS).

Primer Polymorphic %o Samples | Scorable Amplification
number | Primer Total loci loci polymorphism| amplified bands | product range (bp)
1 OPA-3 8 8 100% 4 15 750-2,500
2 OPA-4 1 1 100% 1 1 1,000

3 OPB-1 8 5 62.5% 5 10 750-3,000
4 OPC-2 5 5 100% 5 7 750-2,000
5 OPE-9 2 2 100% 2 2 1,500

6 OPE-11 1 1 100% 1 1 1,000

7 OPE-14 4 2 50% 2 5 750-1,500
8 OPE-15 9 8 88.88% 5 21 500-2,500
9 OPE-16 7 6 85.71% 4 15 250-2,000
10 OPG-2 3 2 66.66% 2 4 750-1,500
11 OPG-5 8 8 100% 8 26 250-1,500
12 OPG-13 1 1 100% 2 2 1,500

13 OPI-7 9 7 77.77% 4 22 250-2,000
14 OPI-19 9 4 44 44% 4 17 250-2,000
15 OPJ-1 5 1 20% 1 5 500-1,500
16 OPJ-9 3 3 100% 4 7 750-1,500
17 OPJ-20 4 2 50% 6 21 250-1,000
18 OPK-9 2 2 100% 2 2 1,500-2,000
19 OPL-1 7 7 100% 4 13 500-1,500
20 OPL-2 9 9 100% 7 20 250-1,500
21 OPL-12 4 3 75% 6 15 750-1,000
22 OPL-20 8 5 62.5% 8 17 250-2,500
23 OPM17 8 8 100% 4 18 250-1,500
24 OPN-1 3 3 100% 2 3 1,000-2,000
25 OPN-2 7 7 100% 6 16 250-2,000
26 OPN-3 2 2 100% 3 4 1,500
27 OPN-4 6 4 66.66% 8 29 500-1,500
28 OPN-5 6 6 100% 7 17 250-1,500
29 OPN-6 7 7 100% 9 25 250-1,500
30 OPN-9 2 2 100% 2 3 250-1,500
31 OPN-12 4 1 25% 2 7 500-2,000
32 OPN-17 4 4 100% 3 9 500-1,000
33 OPP-16 3 3 100% 5 7 750-1,500
34 OPQ-5 4 4 100% 5 12 250-1,000
35 OPW-4 3 3 100% 3 6 750-2,000
36 OPW-5 1 1 100% 1 1 1,000
37 OPX-2 4 0 0% 1 4 750-1,500
38 OPX-12 4 4 100% 3 9 500-1,000
39 OPY-7 2 0 0% 2 4 1,000

40 OPY-8 3 0 0% 1 3 750-1500
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Table 23. Molecular fingerprinting by simple sequence repeat (SSR) primers in the B-genome synthetic hexaploids
(2n=6x=42; AABBSS).
Amplification

Primer Total | Polymorphic %0 Samples | Scorable | product range

number Primer loci loci polymorphism | amplified | bands (bp) PIC
1 Xgwmll-1B 1 1 100% 1 1 50 0.00
2 XgwmlS8-1B 4 4 100% 9 13 50-200 0.43
3 Xgwm33-1B 1 1 100% 7 7 50 0.00
4 Xgwml124-1B 2 2 100% 6 7 50-200 0.24
5 XgwmlI31-1B 2 2 100% 3 4 150 0.27
6 Xgwml140-1B 1 1 100% 4 4 50 0.00
7 Xgwm?268-1B 2 2 100% 9 12 100 0.65
8 Xgwm?273-1B 4 2 50% 7 13 150-700 0.27
9 Xgwm274-1B 4 4 100% 8 16 150-250 0.66
10 Xgwm403-1B 2 0 0% 2 4 150-200 0.50
11 Xgwm413-1B 3 3 100% 8 10 200 0.47
12 Xgwm550-1B 4 2 50% 6 12 150-700 0.63
13 Xgwm47-2B 3 1 33.33% 6 8 50-200 0.25
14 Xgwml6-2B 5 3 60% 11 25 50-250 0.72
15 Xgwm55.1-2B 6 6 100% 5 13 50-150 0.81
16 Xgwm55.2-2B 3 3 100% 3 6 50-150 0.61
17 Xgwml120-2B 2 2 100% 7 11 50-150 0.40
18 Xgwml129-2B 1 1 100% 4 4 200 0.00
19 Xgwml48-2B 1 1 100% 1 1 150 0.00
20 Xgwml91-2B 2 2 100% 8 12 100 0.48
21 Xgwm210-2B 4 2 50% 8 11 150 0.31
22 Xgwm?257-2B 8 5 62.5% 19 27 200-800 0.44
23 Xgwm319-2B 3 3 100% 19 33 50-250 0.58
24 Xgwm374-2B 4 4 100% 14 16 50-200 0.56
25 Xgwm382-2B 5 5 100% 12 33 50-200 0.75
26 Xgwm388-2B 3 1 33.33% 9 28 100-150 0.66
27 Xgwm410-2B 2 2 100% 5 6 50-250 0.61
28 Xgwm429-2B 4 4 100% 10 21 50-300 0.67
29 Xgwm501-2B 3 3 100% 8 10 50 0.38
30 Xgwm526-2B 5 3 60% 15 23 50-200 0.45
31 Xgwm630-2B 4 4 100% 17 39 50-200 0.66
32 Xgwm?72-3B 2 2 100% 8 10 50-200 0.46
33 Xgwm77-3B 6 6 100% 10 23 50-250 0.78
34 Xgwmli2-3B 3 3 100% 14 28 50-100 0.58
35 Xgwm?264-3B 3 1 33.33% 3 5 150-200 0.66
36 Xgwm285-3B 2 2 100% 8 9 500 0.30
37 Xgwm340-3B 2 2 100% 13 22 100-200 0.45
38 Xgwm376-3B 3 3 100% 14 16 50-150 0.13
39 Xgwm389-3B 1 1 100% 6 6 100 0.00
40 Xgwm493-3B 5 5 100% 16 31 50-700 0.69
41 Xgwm547-3B 2 2 100% 3 4 50-200 0.27
42 Xgwm566-3B 2 2 100% 12 12 50-100 0.23
43 Xgwm6-4B 5 5 100% 15 47 50-1500 0.71
44 Xgwm66-4B 11 9 81.81% 14 34 50-600 0.78
45 Xgwmll3-4B 2 2 100% 16 27 50-150 049
46 Xgwml49-4B 2 2 100% 15 25 50-150 0.48
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Table 23. Molecular fingerprinting by simple sequence repeat (SSR) primers in the B-genome synthetic hexaploids
(2n=6x=42; AABBSS).
Amplification

Primer Total | Polymorphic %0 Samples | Scorable | product range

number Primer loci loci polymorphism | amplified | bands (bp) PIC
47 Xgwml65-4B 6 1 16.66% 10 29 50-250 0.71
48 Xgwm368-4B 5 5 100% 10 17 50 0.48
49 Xgwm495-4B 1 1 100% 2 2 50-200 0.00
50 Xgwm513-4B 3 3 100% 8 13 50-150 0.57
51 Xgwm66-5B 14 14 100% 8 50 50-700 091
52 Xgwm67-5B 4 4 100% 7 17 50-100 0.72
53 Xgwm68-5B 1 1 100% 12 22 50-250 0.56
54 Xgwml159-5B 5 5 100% 18 25 200-250 0.37
55 Xgwml191-5B 2 2 100% 15 25 150-250 0.37
56 Xgwm?213-5B 15 15 100% 15 61 50-500 0.87
57 Xgwm?234-5B 3 3 100% 12 22 50-250 0.64
58 Xgwm335-5B 5 5 100% 15 29 50-250 0.74
59 Xgwm371-5B 4 4 100% 15 34 50-200 0.70
60 Xgwm408-5B 5 5 100% 12 17 50-200 0.45
61 Xgwm443-5B 7 7 100% 13 25 50-150 0.76
62 Xgwm499-5B 7 7 100% 10 19 50-200 0.80
63 Xgwm540-5B 1 1 100% 1 8 100 0.32
64 Xgwm544-5B 2 2 100% 13 14 150 0.19
65 Xgwm554-5B 3 3 100% 19 30 150 0.46
66 Xgwm604-5B 3 3 100% 15 25 50-100 0.53
67 Xgwm639-5B 6 6 100% 10 28 50-200 0.69
68 Xgwm?70-6B 3 3 100% 6 14 100-200 0.63
69 Xgwm88-6B 7 7 100% 7 16 50-500 0.77
70 Xgwmli191-6B 3 3 100% 8 9 50 0.57
71 Xgwml193-6B 5 5 100% 13 29 150 0.59
72 Xgwm?219-6B 3 3 100% 15 24 50-200 0.60
73 Xgwm361-6B 4 4 100% 13 31 100 0.74
74 Xgwm508-6B 5 5 100% 3 7 100-150 0.75
75 Xgwm518-6B 5 5 100% 7 16 50-200 0.17
76 Xgwml6-7B 2 2 100% 14 19 50-200 0.31
77 Xgwm43-7B 2 2 100% 12 13 50-250 0.44
78 Xgwm68-7B 2 2 100% 16 29 100-200 0.48
79 Xgwm146-7B 5 5 100% 16 30 50 0.61
80 Xgwm?274-7B 2 2 100% 4 6 100 0.37
81 Xgwm?297-7B 2 2 100% 16 17 50 0.05
82 Xgwm302-7B 5 5 100% 17 31 250 0.55
83 Xgwm333-7B 2 2 100% 4 5 50 0.21
84 Xgwm344-7B 2 2 100% 2 2 150 0.50
85 Xgwm400-7B 1 1 100% 13 13 150-200 0.16
86 Xgwm537-7B 7 7 100% 15 31 50-200 0.72
87 Xgwm569-7B 1 1 100% 1 1 150 0.00
88 Xgwm573-7B 3 3 100% 8 10 250 0.32
89 Xgwm644-7B 5 5 100% 16 18 100-150 0.57
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Molecular and phenological study and disease screening of various Aegilops tauschii accessions
in a similar durum wheat background.

Alvina Gul Kazi, Sadia Latif, Bilal Haider Abbasi, Awais Rasheed, Hadi Bux, Arsalan Ahmed, and Abdul Mujeeb-Kazi.

Diseased and insect pest resistance are the most readily exploited characters in wide hybridization. This also is true for
synthetic hexaploid (SH) wheats, which have many genes for resistance to the three major rusts introgressed into bread
wheat. A wide array of these wheats are being globally utilized for wheat improvement either at the SH or at the ‘bread
wheat/SH’ advanced derivative level. The SH wheats built around the D genome are known to carry a good level of
resistance to Karnal bunt, §. tritici, and C. sativus. The promise also exists for resistance and tolerance in this SH germ
plasm for resistance to leaf rust, stripe rust, powdery mildew, loose smut, and cereal cyst nematode; mineral toxicities;
drought; salinity; heat; cold; sprouting; water logging; high-molecular-weight (HMW)/low-molecular-weight (LMW)
quality subunits; and yield and yield components. The least diversity observed so far in the D genome is for F. gramine-
arum (less than 1.0 percent) but, under evaluation tests conducted at one location in Mexico, the observed FHB resist-
ance is promising and superior than that of the leading bread wheat cultivars Frontana and Sumai 3 with their assemblage
of four genes.

) From the primary synthetics, an Table 24. Synthetic entries numbered from combining same durum culti-
e.xperlmenta.l set was made and gatego— vars and different Aegilops tauschii accessions. Synthetic hexaploid (SH)
rized as having same durum.culqvar as numbers are similar to those maintained in the CIMMYT, Mexico, Wide
the female‘l.)arent cr ossed with (.ilfferent Crosses Program with the pedigrees of the durum wheat cultivars detailed
Ae. tauschii accessions (89 entries, Table in Table 25.

24; Table 25, pp. 124-125; and Table 26, Durum
p- 124). Thls sybset was qe51gned to Group | D-genome synthetic hexaploid parent | Total number
study the inheritance of different genes X
and also to identify the effect of cytoplas- number oy nobey GiflE (I
mic inheritance, if any. The 89 entries 1 1,18,30,63, 66,78, 83, 89 4 8
were screened against two biotic stresses 2 2,3,14,19,26,43,49, 51, 65 8 9
(Karnal bunt and stripe rust), phenotypi- 3 4,11,20,35,37,38,42,47, 64 13 9
cally characterized, and analyzed with 4 5,8,9,10,12,21,23,27,58 12 9
RAPD and SSR markers. 5 6,15,22,31,45,50,56,74,75 23 9

6 7,32,48,53,68,71,72,76, 86 26 9
Stripe rust studies. Seedling screening 7 13,16, 17,25, 36,46, 57, 61, 88 5 9
showed that 34 of 90 (37.7%) synthet- 3 24.39.40, 41,60, 62, 73. 85,90 1 9
ics and 22 of 23 (95.6%) durum wheat 9 7829 33.34.55.59.69. 7982 T 9
parents were resistant (Table 27, pp. 10 44’ 54’ 67’ 70’ 77’ 80’ 81’ 84’ 57 > 9

126-127). These genotypes also were
screened for APR under field conditions
at NARC, which identified 37 of 89 (41.4%) synthetics and 20 of 23 (86.9%) durum wheat parents as resistant. Geno-
types with both seedling resistance and APR were 19 of 90 (21.1%) synthetics (1, 13, 14,17, 19, 20, 34,37, 38,42, 62,
63,67,72,74,80,81, 87, and 89) and 19 of 23 (82.6%) durum wheat parents (1,2,4,5,8,9,11,12,13, 14,17, 20,21,
22,26,27,28,37,and 40). All this germ plasm represents the presence of major genes against stripe rust and can be
exploited further in breeding programs.

Adult-plant resistance involving susceptibility at seedling stage and resistance only at the adult-plant stage is
an indicator of minor genes, which are considered of great importance in acquiring durable resistance. Eighteen of 90
(20%) synthetics (2,3,5,7,11,15,22,23,31,33,53,55,58,71,73,82, 83, and 84) and one of 23 (4.35%) durum wheat
parents (45) had APR and are good candidates for providing durable resistance to wheat cultivars.

Karnal bunt (KB) studies. The KB evaluation was done by examining the grains following artificial inoculation.
Grains from each entry were examined separately after hand threshing. The rating scale was from O to 5 (see Fig. 2, p.
86). Only a rating of 0 was considered acceptable and all others, from 1 to 5, as susceptible. In the first experiment, 30
of 90 entries (33.3%), including 4,9, 10, 11, 13, 14,16, 17,29, 31,32, 39,40,42,45,47,49, 53, 59, 66, 67, 68, 81, 82,
83, 84, 86, 87, 89, and 90 were completely immune (Table 27, pp. 126-127).

123



ANNU-XNL WHEANT NEeWwWISLETTER

vV o L. S 7.

Table 25. Pedigree/Parentage of the Ae. tauschii synthetic Table 26. Pedigrees of durum wheat parents in the
germ plasm used in this study. Ae. tauschii synthetic germ plasm.
Number Pedigree Number Pedigree
1 ALTAR 84/Ae. tauschii (191) D-1 CROC_1
2 68.111/RGB-U//WARDY/3/Ae. tauschii (328) D-4 ALTARS84
3 68.111/RGB-U//WARDY/3/Ae. tauschii (321) D-5 DVERD _2
4 CETA/Ae. tauschii (540) D-8 68.111/RGB-U/WARD
5 D67.2/P66.270/Ae. tauschii (213) D-11 CPI/GEDIZ/3/GOO//JO/CRA
6 GARZA/BOY//Ae. tauschii (286) D-12 D67.2/P66.270
7 GAN/Ae. tauschii (268) D-13 CERCETA
8 D67.2/P66.270//Ae. tauschii (220) D-22 DECOY1
9 D67.2/P66.270//Ae. tauschii (222) D-23 GARZA/BOY
10 D67.2/P66.270//Ae. tauschii (308) D-26 GAN
11 CETA/Ae. tauschii (1016) . .. . .
B D67.2/P66 270/ Ae. tauschii (221) M(.)lecular studies. . Genetic dtversz.ty evaluation
— using random amplified polymorphic DNA (RAPD)
13 DVERD_2/Ae. tauschii (1027) . . .o
primers. RAPD primers were used for genetic di-
14 68.111/RGB-U//WARD/3/Ae. tauschii (329) versity evaluation of A-, B-, and D-genome synthetic
15 GARZA/ BQOY//Ae. tauschii (467) hexaploids. All 520 RAPD primers of the Operon Se-
16 DVERD_2/Ae. tauschii (221) ries were screened and working primers were identified
17 DVERD_2/Ae. tauschii (214) and applied to detect genetic polymorphism at DNA
18 ALTAR 84/Ae. tauschii (220) level. The samples which did not amplify were not
19 68.111/RGB-U//WARD/3/Ae. tauschii (452) included in the analysis.
20 CETA/Ae. tauschii (327) ] )
21 D67.2/P66.270// Ae. tauschii (633) Genetic analysis was performed only on the
» GARZA/BOY//Ae. tauschii (276) ss:orable bands. Every smgk: band was considered as a
— single locus/allele. The loci were scored as present/ab-
23 D67.2/P66.270//Ae. tauschii (218) sent. Bivariate data 1-0 were used to estimate genetic
24 CROC_1/Ae. tauschii (205) distances (GD). Unweighted Pair Group of Arithmetic
25 DVERD _2/Ae. tauschii (295) Means (UPGMA) function estimated genetic distances
26 68.111/RGB-U//WARDY/3/Ae. tauschii (463) between the genotypes as follows: GD  =1-d /d
27 D67.2/P66.270//Ae. tauschii (257) + dy - dxy, where Gny = genetic distance between two
28 CPI/GEDIZ/3/GOO//JO69/CRA/4/Ae. tauschii genotypes, d = total number of common loci (bands)
(215) in two genotypes, d = total number of loci (bands) in
29 CPI/GEDIZ/3/GOO//JO69/CRA/4/Ae. tauschii genotype 1, and d, = total number of loci (bands) in
(223) genotype 2.
30 ALTAR 84/Ae. tauschii (333) . . .
3] GARZA/ BOY//Ac. tauschii (265) The efficiency qf primers to amplify the geno-
- types ranged from a maximum of 36 genotypes (OPE-
32 GAN/Ae. tauschii (182) 16) to four genotypes (OPE-6) in this experiment
genotype experime
33 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae. tauschii (273) (Table 28, p. 128) The scorable bands ranged from six
34 CPI/GEDIZ/3/GOO// JO/CRA/4/Ae. tauschii (OPE-6) to 86 (OPE-12) (Table 28, p. 128). The total
(296) number of loci was 197 with 186 polymorphic show-
35 CETA/Ae. tauschii (661) ing a percentage of 94.41% (Table 28, p. 128) and the
36 DVERD_2/Ae. tauschii (402) range of scorable bands was from 250-3,000 bp.
37 CETA/Ae. tauschii (174)
38 CETA/Ae. tauschii (1024) Similarity matrix. A bivariate analysis was conducted
39 CROC_1/Ae. tauschii (886) to generate a similarity matrix and dendrogram using
40 CROC._1/Ae. tauschii (444) Nei and Li’s coeff}c1.ent 'to estlmate genetic diversity.
1 CROC_1/Ae. tauschii (518) Th'e Yalue of the s1m11ar1t'y matrix ranged from 73.9%
= — (minimum) between entries 8 and 66 to 100% (maxi-
42 CETA/Ae. tauschii (256) mum) between genotypes 48 and 18, 6 and 18,2 and
43 68.111/RGB-U//WARDY/3/Ae. tauschii (325) 18,6 and 48, 2 and 6, and 2 and 48.
44 DOY 1/Ae. tauschii (188)
45 GARZA/BOY//Ae. tauschii (307)

124



ANNU-XNL WHEANT NEeEWISLETTER

vV o L. S 7.

Dendrogram interpretation. The GD between geno-
types were used to construct a dendrogram by UPGMA
analysis for determining grouping of the lines on the
basis of similarities and differences. Only one main
cluster is in the dendrogram with two subclusters, A
and B (Fig. 20, p. 129). In subcluster-A, 2, 6, 18, and
40 show 100% similarity and 8 is the most diverse line
overall, followed by 13, 35, 36,63, 65, and 87. The
total number of genotypes in this cluster is 96. The

B subcluster has only three genotypes in which D-4
represents the most diverse line.

Genetic diversity evaluation using simple sequence
repeat (SSR) primers. SSR primers were used for
genetic diversity evaluation of D-genome synthetic
hexaploids. All 275 SSR primers were used to detect
genetic polymorphism at the DNA level. Samples that
did not amplify were not included in the analysis.

Genetic analysis was performed similar to
that for the RAPD primers. The efficiency of prim-
ers to amplify the genotypes ranged from maximum
39 genotypes (Xgwm129-5A) to two (Xgwm68-5B and
Xgwm284-3B) in this experiment (Table 29, p. 130).
The scorable bands ranged from two (Xgwm68-5B)
to 66 (Xgwm129-5A) in this experiment (Table 29, p.
130).

Genetic analysis of the population showed
that the total number of alleles was 191, with 185 poly-
morphic showing a percentage of 96.85% (Table 29, p.
130). The range of scorable bands was 50—-600 bp in
this experiment.

Similarity matrix. The bivariate analysis was con-
ducted to generate a similarity matrix and dendrogram
using similar to that for the RAPD primers. The value
of similarity matrix ranged from 75.5% (minimum)
between 2 and 90 ans was 100% (maximum) in 33 dif-
ferent combinations.

Dendrogram interpretation. In this experiment, only
one main cluster with two subclusters A and B; A has
38 and B has 61 genotypes (Fig. 21, p. 131). Subclus-
ter A carries the most diverse line of the group, 27.
Other highly diverse lines in this subcluster include
14,54, and 61. In subcluster B, genotype 1 is the most
diverse line and 4, 5, and 41 are other good examples.

The same durum wheats and different Ae. tauschii
accessions. Other researchers have recognized that the
interaction of the A and B genomes of durum wheat
with the D genome of Ae. tauschii plays a significant
role in gene expression and suppression for the traits
under study. To delineate the genomic effects using
same durum wheat cultivars with diverse D-genome
accessions, we identified ten sets to study; 10 durum

Table 25. Pedigree/Parentage of the Ae. tauschii synthetic
germ plasm used in this study.

Number Pedigree

46 DVERD_2/Ae. tauschii (1022)

47 CETA/Ae. tauschii (796)

48 GAN/Ae. tauschii (236)

49 68.111/RGB-U//WARD/3/Ae. tauschii (326)

50 GARZA/BOY//Ae. tauschii (270)

51 68.111/RGB-U//WARDY/3/Ae. tauschii (316)

52 ALTAR 84/Ae. tauschii (332)

53 GAN/Ae. tauschii (180)

54 DOY 1/Ae. tauschii (255)

55 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae. tauschii (453)

56 GARZA/BOY//Ae. tauschii (278)

57 DVERD_2/Ae. tauschii (333)

58 D67.2/P66.270//Ae. tauschii (217)

59 CPI/GEDIZ/3/GOO//JO69/CRA/4/Ae. tauschii
(193)

60 CROC_1/Ae. tauschii (170)

61 DVERD_2/Ae. tauschii (1031)

62 CROC_1/Ae. tauschii (213)

63 ALTAR 84/Ae. tauschii (304)

64 CETA/Ae. tauschii (235)

65 68.111/RGB-U//WARDY/3/Ae. tauschii (322)

66 ALTAR 84/Ae. tauschii (507)

67 DOY 1/Ae. tauschii (510)

68 GAN/Ae. tauschii (163)

69 CPI/GEDIZ/3/GOO// JO69/CRA/4/Ae. tauschii
(633)

70 DOY 1/Ae. tauschii (349)

71 GAN/Ae. tauschii (408)

72 GAN/Ae. tauschii (201)

73 CROC_1/Ae. tauschii (333)

74 GARZA/BOY//Ae. tauschii (439)

75 GARZA/BOY//Ae. tauschii (350)

76 GAN/Ae. tauschii (285)

77 DOY 1/Ae. tauschii (333)

78 ALTAR 84/Ae. tauschii (219)

79 CPI/GEDIZ/3/GOO//JO69/CRA/4/Ae. tauschii
(208)

80 DOY 1/Ae. tauschii (1030)

81 DOY 1/Ae. tauschii (515)

82 CPI/GEDIZ/3/GOO// JO69/CRA/4/Ae. tauschii
(637)

83 ALTAR 84/Ae. tauschii (502)

84 DOY 1/Ae. tauschii (517)

85 CROC_1/Ae. tauschii (224)

86 GAN/Ae. tauschii (890)

87 DOY 1/Ae. tauschii (458)

88 DVERD_2/Ae. tauschii (1029)

89 ALTAR 84/Ae. tauschii (211)

90 CROC_1/Ae. tauschii (879)
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Table 27. Phenotypic and disease characterization of D-genome synthetic hexaploids. FLOW = days-to-flowering,
HT = plant height at maturity (cm), AWN = awn color (LB = light brown, AW = amery white, Y = yellow, and DB =
dark brown), PMA = days to physiological maturity, TKW = 1,000-kernel weight (g), G/S = grains/spike, SL = spike
length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Yr (S) = reaction to stripe rust at the seedling
stage, Yr (A) = reaction to stripe rust at the adult—plant stage (R = resistant, TR = trace resistant, MR = moderately
resistant, MS = moderately susceptible, M = overlapping of MR-MS types, MSS = moderately susceptible to suscepti-
ble, S = susceptible, and TS = trace susceptible).

Entry | FLOW HT AWN PMA TKW G/S SL KB Yr (S) Yr (A)
1 66 73 LB 105 44.1 13 9.5 + 1 10MRR
2 60 105 LB 99 33.5 19 12.0 + 89 TR
3 66 77 LB 105 38.2 15 10.5 + 89 TR
4 60 90 LB 99 36.6 12 9.0 - 8 708
5 66 113 LB 110 32.0 13 8.5 + 67 30MR
6 70 103 LB 109 29.7 19 12.0 + 8 708
7 73 91 LB 112 39.2 18 12.0 + 78 10R
8 67 118 LB 107 32.2 14 10.5 + 8 90S
9 70 121 LB 109 354 14 12.0 - 8 90S
10 65 98 LB 105 31.0 13 9.0 - 89 708
11 65 104 LB 105 27.0 13 9.5 - 89 0
12 70 104 LB 109 31.0 14 10.0 + 78 708
13 66 96 LB 106 34.0 14 10.1 — 1 10R
14 70 120 LB 109 52.9 15 10.3 — 1 0
15 149 108 LB 179 28.8 17 9.0 + 56 10MR
16 71 102 LB 110 33.0 16 11.5 - 56 708
17 70 110 LB 109 49.9 14 10.0 - 12 SR
18 70 103 LB 109 27.9 12 8.0 + 56 708
19 70 86 LB 109 32.0 16 12.0 + 1 0

20 70 102 LB 108 49.8 15 11.5 + 1 0

21 70 115 LB 109 24.0 13 9.0 + 78 90S
22 70 90 LB 110 25.0 13 10.0 + 9 TR
23 75 90 LB 113 26.2 14 8.5 + 8 10R
24 74 88 LB 112 27.0 15 13.0 + 56 30MSS
25 69 90 LB 107 23.7 13 10.5 + 78 30MSS
26 73 90 LB 112 28.5 14 10.5 + 78 30MSS
27 141 117 LB 168 335 8 11.0 + 89 708
28 66 73 LB 105 25.4 21 14.0 + 78 908
29 92 103 LB 105 41.0 14 9.5 — 0 30MSS
30 70 82 LB 108 37.5 16 10.5 + 23 708
31 73 75 LB 112 26.0 13 11.0 - 8 TR
32 62 100 LB 101 32.5 12 7.0 — 8 90S
33 59 100 LB 97 34.6 14 13.0 + 8 0
34 60 110 LB 100 35.5 13 13.0 + 0 0
35 62 110 LB 101 27.3 12 9.5 + 8 90S
36 65 90 LB 106 35.2 13 10.0 + 0 30MSS
37 146 90 LB 178 25.0 22 9.0 + 0 10MR
38 126 135 LB 175 30.0 20 13.0 + 0 10MRR
39 77 93 LB 113 37.0 13 10.0 — 8 30MSS
40 77 90 LB 113 35.2 13 10.5 - 7 40MS
41 68 83 LB 106 55.7 14 10.0 + 67 40MS
42 62 80 LB 101 46.2 12 8.5 - 0 10R
43 72 99 LB 109 49.8 14 8.5 + 78 10MS
44 65 109 LB 105 59.2 15 10.0 + 1 30MSS
45 64 85 LB 103 30.5 13 9.0 - 9 30MS
46 70 97 LB 106 44.0 14 9.5 + 9 708

126




ANNUAXNL WHEXNT NEeWwWSLETTER

vV oL 5 7.

Table 27. Phenotypic and disease characterization of D-genome synthetic hexaploids. FLOW = days-to-flowering,
HT = plant height at maturity (cm), AWN = awn color (LB = light brown, AW = amery white, Y = yellow, and DB =
dark brown), PMA = days to physiological maturity, TKW = 1,000-kernel weight (g), G/S = grains/spike, SL = spike
length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Yr (S) = reaction to stripe rust at the seedling
stage, Yr (A) = reaction to stripe rust at the adult—plant stage (R = resistant, TR = trace resistant, MR = moderately
resistant, MS = moderately susceptible, M = overlapping of MR-MS types, MSS = moderately susceptible to suscepti-
ble, S = susceptible, and TS = trace susceptible).

Entry | FLOW HT AWN PMA TKW G/S SL KB Yr (S) Yr (A)
47 79 69 LB 114 31.0 14 10 — 78 90S
48 72 97 LB 109 34.6 15 11 + 78 90S
49 70 89 LB 109 35.7 12 7.5 — 3 90S
50 72 76 LB 109 39.2 13 11 + 89 30MSS
51 68 102 LB 106 45.0 12 9.5 + 1 70S
53 68 100 LB 106 37.2 14 9.5 — 67 10R
54 70 100 LB 110 37.0 12 8 + 0 90S
55 140 153 DB 182 40.0 13 12 + 78 10R
56 72 80 LB 111 43.2 15 10 + 9 90S
57 141 104 LB 177 40.0 15 12 + 56 90S
58 71 75 LB 110 31.0 15 13 + 78 10R
59 70 113 LB 108 32.5 19 12 — 1 30MRMS
60 65 97 LB 105 53.4 18 10 + 78 30MRMS
61 129 113 LB 177 40.0 19 10 + 89 90S
62 72 96 LB 112 39.8 20 11 + 1 10R
63 79 62 LB 116 37.9 12 7 + 1 10R
64 73 100 LB 109 35.5 14 10 + 89 30MSS
65 77 109 LB 115 32.2 15 12 + 1 90S
66 75 120 LB 113 35.2 16 12 — 78 90S
67 146 120 LB 172 41.0 30 13 — 0 0
68 68 113 LB 106 41.0 15 11 — 89 70S
69 63 104 LB 101 40.0 12 9 + 0 70S
70 149 100 LB 181 40.0 14 12 + 1 90S
71 66 100 LB 106 36.6 15 13 + 78 10R
72 140 95 LB 121 35.0 15 10 + 0 10R
73 142 72 LB 181 35.0 20 10 + 78 10R
74 144 128 LB 176 30.0 2 11 + 0 10R
75 150 97 LB 180 16.0 8 10 + 0 70S
76 141 102 LB 161 33.0 37 13 + 67 70S
77 133 114 LB 178 37.0 26 12 + 78 90S
78 136 99 LB 172 31.0 7 11 + 0 70S
79 74 119 LB 112 28.7 14 10 + 0 70S
80 139 110 LB 182 30.0 15 10 + 0 10MR
81 78 100 LB 116 35.9 15 11 — 0 0
82 72 109 LB 109 36.6 14 10 — 78 0
83 73 103 LB 110 26.1 12 9 — 45 10R
84 143 119 LB 175 40.0 12 13 — 45 0
85 74 112 LB 112 52.3 12 10 + 9 70MSS
86 67 86 LB 105 41.0 13 10 — 89 70MSS
87 76 72 LB 113 31.1 12 10 — 0 0
88 144 184 LB 184 30.0 13 10 + 89 90S
89 75 117 LB 112 27.3 14 10 — 0 10R
90 74 103 LB 112 32.1 16 13 — 78 90S
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Table 28. Molecular fingerprinting pattern by RAPD primers in the D—genome synthetic hexaploids.

Primer Polymorphic Y% Samples Scorable Amplification
number | Primer | Total loci loci polymorphism | amplified bands product range (bp)
1 OPA-3 12 12 100% 14 23 1,000-3,000
2 OPA-4 9 7 77.77% 5 21 750-2,500
3 OPA-13 5 5 100% 31 63 500-1,500
4 OPA-18 10 10 100% 7 26 1,000-2,000
5 OPB-1 9 9 100% 24 62 750-1,500
6 OPB-4 9 9 100% 15 35 500-2,500
7 OPB-5 7 7 100% 18 33 750-3,000
8 OPB-6 13 13 100% 15 59 500-3,000
9 OPB-12 7 5 71.42% 7 17 750-1,000
10 OPB-17 9 9 100% 10 33 50-1,500
11 OPC-5 8 8 100% 13 34 750-2,000
12 OPC-10 7 7 100% 6 14 500-2,000
13 OPC-15 9 9 100% 25 81 250-1,500
14 OPD-2 10 10 100% 13 46 750-2,500
15 OPD-5 8 5 62.5% 32 64 500-3,000
16 OPD-7 11 11 100% 14 41 250-2,000
17 OPD-13 5 3 100% 5 11 500-1,000
18 OPE-4 6 6 100% 11 23 500-1,500
19 OPE-6 5 3 60% 4 6 1,500
20 OPE-7 10 10 100% 35 76 500-2,000
21 OPE-12 12 12 100% 20 86 500-25,00
22 OPE-15 8 8 100% 6 22 1,000-2,500
23 OPE-16 8 8 100% 36 83 750-2,500
24 OPE-18 4 4 100% 11 15 250-1,500
25 OPE-19 2 2 100% 9 10 250-2,000

wheats with various Ae. fauschii accessions. The first durum wheat cultivar (Table 25, pp. 124-125), Altar 84, has a com-
bination with eight D-genome accessions. Focussing on the major characters that play a key role in breeding aspects,
plant height at maturity was 73—120 cm, days to physiological maturity was 105—172 days, and 1,000-kernel weight was
26.1-44.1 g (Table 27, pp. 126-127). Biotic stress data indicted susceptibility to Karnal bunt in all except in two entries
(83 and 89). Stripe rust resistance (seedling and adult) was present in entries 63 and 89. The durum parent Altar 84 was
immune to KB and also possessed stripe rust resistance. The observations across these parameters where eight different
D-genome accessions were involved show a significant performance variation based upon the expression of the genomes
influenced by accessions. The trend seen elucidates why appropriate synthetic entries should be selected in breeding,
because trait masking across genomes is a common phenomenon and, hence, an extended analytical focus is helpful.
Variable expression trends can be seen with other durum wheat cultivars and strengtens the view that accession diversity
can be used to target the right synthetic for wheat improvement.

Wee selected the following synthetics to use: 27,34, 44, 67 and 76 (Table 27, pp. 126-127). Entry 67 has
both stripe rust resistance (seeding and adult) and also KB; hence the best line. The data in Table 27 (pp. 126-127) will
identify accessions to be used for direct crossing, where exchanges will be restricted to only the D genome. Because the
durum wheat parent Altar 84 was immune to KB and resistant to strip rust, varied results upon crossing with Ae. tauschii
accessions indicated that the accessions were overriding the durum cultivars resistance. Hence, only selection of those
accessions in which the corresponding synthetic showed KB and strip rust resistance would be ideal for use in direct
crossing because their influence on the A and B genomes of bread wheat would, hopefully, not be penalizing. If the
bread wheat is susceptible to KB and stripe rust, selecting resistant derivatives would unequivocally demonstrate that the
Ae. tauschii carried the desired genes. This trend also is well expressed in other groups where other durum cultivars and
Ae. tauschii accessions are used (Table 27, pp. 126-127).
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Fig.20. A RAPD-based cluster formation of genotypes of various Aegilops tauschii accessions in a similar durum
wheat background.

—h

The synthetic combinations from group 1 involving Altar 84 and eight Ae. tauschii accessions showed diversity
in molecular analysis also. Using RAPDs, 63 was most diverse line and next was 66. Using SSRs, entries 1, 63,78, and
83 grouped together; next were entries 13 and 18, with entry 89 being the most diverse. Incorporating the stress resist-
ance data, entries 63 and 89 possessed both seedling and adult-plant resistance, and entry 89 had KB resistance. Hence
entry 89 possesses ideal KB and stripe rust resistance and also is the most diverse line based upon SSR-based polymor-
phism. This strategy enables tge integration of various components for adding efficiency to a breeding program.
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Table 29. Molecular fingerprinting pattern by SSR primers in the D-genome synthetic hexaploids (experiment 1, same
durum with different Ae. tauschii accessions).

Amplification
Primer Polymorphic Y% Samples | Scorable | product range
number Primer Total loci loci polymorphism | amplified | bands (bp) PIC
1 Xgwm99-1A 4 4 100% 15 19 50-150 0.34
2 Xgwmb666-1A 3 3 100% 8 8 100-150 0.53
3 Xgwm?249-2A 4 4 100% 7 13 50-150 0.64
4 Xgwm294-2A 4 4 100% 10 10 50-100 0.70
5 Xgwm558-2A 5 5 100% 11 12 50-200 0.76
6 Xgwmb614-2A 4 4 100% 13 20 50-200 0.67
7 Xgwm5-3A 8 8 100% 16 33 50-300 0.78
8 Xgwm30-3A 3 3 100% 6 9 50-100 0.54
9 Xgwm32-3A 7 7 100% 22 46 50-200 0.67
10 Xgwm666.2-3A 4 4 100% 15 16 50-200 0.39
11 Xgwm610-4A 7 7 100% 34 62 50-200 0.86
12 Xgwm129-5A 6 6 100% 39 66 50-200 0.78
13 Xgwmli179-5A 2 2 100% 4 4 50-150 0.37
14 Xgwmb617-5A 7 5 71.42% 16 21 50-200 0.69
15 Xgwm617-6A 8 6 75% 13 18 50-200 0.68
16 Xgwm63-7A 4 4 100% 12 13 50-500 0.60
17 XgwmlS8-1B 5 5 100% 21 26 50-200 0.64
18 Xgwm33-1B 4 4 100% 4 8 50-100 0.67
19 Xgwmi24-1B 7 7 100% 24 38 50-200 0.78
20 Xgwm550-1B 7 7 100% 14 23 50-200 0.55
21 Xgwml6-2B 7 7 100% 17 27 50-200 0.50
22 Xgwm610-2B 3 3 100% 11 13 50-100 0.36
23 Xgwm?257-2B 6 6 100% 9 11 50-200 0.77
24 Xgwml31-3B 2 2 100% 2 2 50-150 0.50
25 Xgwm284-3B 3 3 100% 5 8 50-600 0.62
26 Xgwmb66-4B 6 6 100% 9 14 50-100 0.72
27 Xgwm149-4B 8 8 100% 8 16 50-250 0.73
28 Xgwm66-5B 2 2 100% 9 13 50-150 0.34
29 Xgwm68-5B 1 1 100% 2 2 50 0.00
30 Xgwm213-5B 4 4 100% 12 14 50-150 0.64
31 Xgwmi32-6B 4 4 100% 6 8 100-150 0.58
32 Xgwm232-1D 4 2 50% 4 5 50-150 0.65
33 Xgwml57-2D 5 5 100% 26 31 50-300 0.63
34 Xgwm212-2D 3 3 100% 20 20 50-150 0.60
35 Xgwm455-2D 6 6 100% 19 34 50-100 0.65
36 Xgwm3-3D 1 1 100% 20 20 50 0.00
37 Xgwml183-3D 2 2 100% 21 21 100-150 0.69
38 Xgwm314-3D 4 4 100% 10 19 100-200 0.67
39 Xgwm608-4D 1 1 100% 9 9 100 0.00
40 Xgwml6-5D 6 6 100% 28 47 50-150 0.69
41 Xgwm192-5D 7 7 100% 23 40 150-250 0.77
42 Xgwm55-6D 6 6 100% 9 23 50-150 0.75
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Phenotypic and molecular characterization of synthetic hexaploids derived from the same Ae.

tauschii accessions and diverse durum cultivars.

Alvina Gul Kazi, Hadi Bux, Awais Rasheed, Farrukh Bashir, Arsalan Ahmed, and Abdul Mujeeb-Kazi.

This study with same Ae. tauschii accession used as the female
parent in crosses with different durum cultivars as the pol-

len parent (78 entries) is designed to study the inheritance

of different genes and also identify the effect of cytoplasmic
inheritance if any. The total of 78 entries was screened against
two biotic stresses (Karnal bunt and stripe rust), phenotypically
characterized, and analyzed with RAPD and SSRs for molecu-
lar characterization (Table 30 and Table 31, pp. 132-133).

Stripe rust studies. Seedling screening showed that 51 of 78
(65.4%, Table 32, pp. 134-135) exhibited resistance. These
genotypes also were screened for APR under field conditions

at NARC, which identified 51 of the 95 (65.4%) as resist-

ant genotypes. Genotypes with both seedling and adult-plant
resistance were 15 of 78 (19.2%), including entries 9, 11, 12,
13,14, 15,16,31,32,33,39,42, 50, 54, and 66. All this germ
plasm represents the presence of major genes against stripe rust
and can be exploited further in breeding programs.

Adult-plant resistance involving susceptibility at seed-
ling stage and resistance only at the adult-plant stage is an indi-
cator of presence of minor genes, which are considered of great
importance against rust diseases in acquiring durable resist-
ance. Nine of 78 entries (11.5%) had APR, including entries
21,22,25,29,36,49, 62,63, and 64 and are good candidates
for providing durable resistance to wheat cultivars.

Karnal bunt studies. Karnal bunt (KB) evaluation was

done by examining the grains following artificial inocula-

tion. Grains from each entry were examined separately after
hand threshing. The rating scale was from O to 5; only a rating
of 0 was considered acceptable and all others as susceptible
(See Fig. 2, p. 86). In this experiment, 29 of the 78 genotypes
(37.2%) were found to be immune, including 2,5,7,8,9, 13,
17,20,21,22,23,25,26,28,29,30,41,42,43,44,45, 48,49,
53,54,68,72,73, and 77 (Table 32, pp. 135-136).

Molecular studies. Genetic diversity evaluation using ran-
dom amplified polymorphic DNA (RAPD) primers. RAPD
primers were used for genetic diversity evaluation of A-, B-,
and D-genome synthetic hexaploids. All 520 RAPD primers
of the Operon Series were screened and working primers were
identified and applied to detect genetic polymorphism at DNA
level. The samples which did not amplify were not included in
the analysis.

Genetic analysis was performed only on the scorable
bands. Every single band was considered as a single locus/
allele. The loci were scored as present/absent. Bivariate
data 1-0 were used to estimate genetic distances (GD). The
unweighted pair group of arithmetic means (UPGMA) func-

Table 30.

Synthetic hexaploid entries derived from

combining durum wheat cultivars with Aegilops
tauschii accessions and their respective reciprocal
cross combinations. Entry numbers are similar to
data base maintained in CIMMYT Wide Crosses
program in Mexico.

Group D-genome synthetic | Total number
number hexaploid entry of entries
1 1,39,45,49 4
2 2,20,78 3
3 3,10,47 3
4 4,19,30 3
5 5,27,46 3
6 6,17,24 3
7 7,41, 68 3
8 8,15,33 3
9 9,26,28,43,59,74 6
10 11,40, 63 3
11 12,50,76 3
12 13,69, 75 3
13 14,16,52 3
14 18, 60,73 3
15 21,25, 66 3
16 22,29,42,56 4
17 23,35,38,71 4
18 31,61,67,77 4
19 32,48, 65 3
20 34,44,57 3
21 36,51,54,58 4
” 37,53,55,62,64,70, 7
72
Table 31. Pedigrees of the genotypes used in this
study that combined durum wheat cultivars with
Aegilops tauschii accessions.
Synthetic
number Pedigree
1 DVERD_2/Ae. tauschii (1026)
2 ARLIN/Ae. tauschii (665)
3 ARLIN/Ae. tauschii (295)
4 ALTAR 84/Ae. tauschii (221)
5 RASCON/Ae. tauschii (314)
6 D67.2/ P66.270//Ae. tauschii (633)
7 D67.2/ P66.270//Ae. tauschii (223)
8 STY-US/CELTA//PALS/3/SRN_5/4/Ae.
tauschii (174)
9 CROC_1/Ae. tauschii (507)
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Table 31. Pedigrees of the genotypes used in this Table 31. Pedigrees of the genotypes used in this
study that combined durum wheat cultivars with study that combined durum wheat cultivars with
Aegilops tauschii accessions. Aegilops tauschii accessions.
Synthetic Synthetic
number Pedigree number Pedigree
10 ROK/KML//Ae. tauschii (295) 42 DOY 1/Ae. tauschii (1018)
11 RABI//GS/CRA/3/Ae. tauschii (457) 43 DOY 1/Ae. tauschii (507)
12 GAN/Ae. tauschii (446) 44 CETA/Ae. tauschii (1031)
13 CPI/GEDIZ/3/GOO//JO69/CRA/4/Ae. 45 CETA/Ae. tauschii (1026)
tauschii (205) 46 KAPUDE/Ae. tauschii (314)
14 CROC_1/Ae. tauschii (215) 47 DVERD_2/Ae. tauschii (295)
15 CETA/Ae. tauschii (174) 48 D67.2/ P66.270//Ae. tauschii (308)
16 SORA/Ae. tauschii (215) 49 DOY 1/Ae. tauschii (1026)
17 SNIPE/YAV79//DACK/TEAL/3/Ae. 50 DOY 1/Ae. tauschii (446)
tauschii (633) 51 DVERD_2/Ae. tauschii (1029)
13 YAV_2/TEZ//Ae. tauschii (170) 52 CPI/GEDIZ/3/GO0//JO69/CRA/4/Ae.
19 D67.2/P66.270//Ae. tauschii (221) tauschii (215)
20 6973/WARD.7463//74110/3/Ae. tauschii 53 ARLIN_1/Ae. tauschii (333)
(665) 54 DOY 1/Ae. tauschii (1029)
21 ALTAR 84/Ae. tauschii (211) 55 ALTAR 84/Ae. tauschii (333)
22 ARLIN_1/Ae. tauschii (1018) 56 CETA/Ae. tauschii (1018)
23 CPI/GEDIZ/3/GOO//JO69/CRA/4/Ae. 57 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae.
tauschii (629) tauschii (1031)
24 CPI/GEDIZ/3/GO0//JO69/CRA/4/Ae. 58 CETA/Ae. tauschii (1029)
tauschii (633) 59 ROK/ KML//Ae. tauschii (507)
25 SORA/Ae. tauschii (211) 60 CROC_1/Ae. tauschii (170)
26 LARU/Ae. tauschii (507) 61 CETA/Ae. tauschii (783)
27 SCOT/MEXI_]//AE. tauschii (314) 62 LARU/Ae. tauschii (333)
28 ALTAR 84/Ae. tauschii (507) 63 YAV_2/ TEZ//Ae. tauschii (457)
29 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae. 4 CROC._1/Ae. tauschii (333)
tauschii (1018) 65 ARLIN/Ae. rauschii (308)
30 DVERD _2/Ae. tauschii (221) 66 D67.2/ P66.270//Ae. tauschii (211)
31 YAR/Ae. tauschii (783) 67 68.111/RGB-U//WARD RESEL/3/STIL/4/
32 LCK59.61/Ae. tauschii (308) Ae. tauschii (783)
33 ALTAR 84/Ae. tauschii (174) 68 CPI/GEDIZ/3/GOO//JO69/CRA/4/Ae.
34 DVERD_2/Ae. tauschii (1031) tauschii (223)
35 SNIPE/YAV79//DACK/TEAL/3/Ae. 69 ALTAR 84/Ae. tauschii (205)
tauschii (629) 70 DOY 1/Ae. tauschii (333)
36 CPI/GEDIZ/3/GOO//JO/CRA/4/Ae. 7 CIT71/ CPT//Ae. tauschii (629)
tauschii (1029) 72 ROK/ KML//Ae. tauschii (333)
37 DVERD_2/Ae. tauschii (333) 73 CETA/Ae. tauschii (170)
38 68.11 1/RG.].S—U//WARD/3/FGO/4/RABI/5/ 74 DVERD_2/Ae. tauschii (507)
39 é;I;aGlg]g}g/gé/ng())O//JO/CRA/4/Ae 75 CROC_/Ae. tauschit (205)
. ' 76 SRN/Ae. tauschii (446)
tauschii (1026) »
40 YAV79//DACK/RABI/3/SNIPE/4/Ae. 7 LCKS9.61/Ae. tauschii (783)
tauschii(457) 78 CETA/Ae. tauschii (665)
41 ALTAR 84/Ae. tauschii (223)
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Table 32. Phenotypic and disease characterization of D-genome synthetic hexaploids that combined durum wheat
cultivars with Aegilops tauschii accessions. FLOW = days-to-flowering, HT = plant height at maturity (cm), AWN =
awn color (LB = light brown, AW = amery white, Y = yellow, and DB = dark brown), PMA = days to physiological
maturity, TKW = 1,000-kernel weight (g), G/S = grains/spike, SL = spike length (cm), KB = Karnal bunt reaction (- =
immune, + = susceptible), Yr (S) = reaction to stripe rust at the seedling stage, Yr (A) = reaction to stripe rust at the
adult—plant stage (R = resistant, TR = trace resistant, MR = moderately resistant, MS = moderately susceptible, M =
overlapping of MR-MS types, MSS = moderately susceptible to susceptible, S = susceptible, and TS = trace suscepti-
ble).
Entry | FLOW HT AWN PMA | TKW G/S SL KB Yr (S) Yr (A)
1 75 92 LB 112 30.0 15 12 + 1 10OMRMS
2 76 90 LB 114 30.0 17 13 - 1 10MRMS
3 74 88 LB 112 31.2 14 11 + 1 30MRMS
4 79 100 LB 118 29.5 12 9 + 45 30MSS
5 72 109 LB 109 23.6 14 10 - 0 90S
6 79 115 LB 115 55.7 13 9 + 23 90S
7 75 113 LB 113 69.2 14 11 - 89 30MSS
8 89 91 LB 123 38.6 13 11 - 1 90S
9 92 93 LB 101 31.5 15 12 - 0 30MR
10 84 107 LB 101 25.4 18 14 + 89 30MSS
11 70 112 LB 112 39.7 12 11 + 1 0
12 76 102 LB 113 29.4 13 11 + 1 0
13 78 100 LB 116 31.2 12 11 - 1 10R
14 76 109 LB 113 32.5 14 11 + 1 0
15 70 123 LB 107 35.2 15 13 + 89 SMR
16 72 100 LB 108 36.6 16 13 + 89 10MR
17 72 99 LB 109 55.0 14 9 - 34 90S
18 68 124 LB 106 39.5 16 11 + 89 708
19 71 112 LB 109 26.0 13 11 + 89 508
20 73 114 LB 112 37.0 14 11 - 1 50S
21 75 107 LB 113 36.2 16 12 - 78 10R
22 73 104 LB 111 32.5 12 8 - 78 10R
23 73 110 LB 101 17.6 12 9 - 78 90S
24 70 111 LB 108 25.6 16 13 + 78 90S
25 77 92 LB 116 39.9 14 12 - 98 10R
26 79 75 LB 118 33.5 13 11 - 45 90S
27 128 112 LB 181 37.0 9 10 34 90S
28 144 82 LB 180 35.0 20 15 - 89 90S
29 83 109 LB 123 37.6 23 18 - 89 0
30 79 109 LB 118 25.0 15 11 - 89 90S
31 80 105 LB 113 26.0 15 12 + 12 10R
32 82 98 LB 112 26.0 15 11 + 12 10R
33 81 99 LB 118 27.0 14 10.5 + 12 5R
34 75 110 LB 112 31.0 16 11 + 34 90S
35 74 112 LB 112 29.5 14 10 + 89 30MRMS
36 87 85 LB 123 39.0 13 10 + 89 10R
37 70 109 LB 105 31.0 14 10 + 1 90S
38 70 110 LB 106 32.5 13 9.5 + 1 90S
39 69 84 LB 105 42.0 12 8 + 34 5R
40 73 104 LB 112 40.6 18 14 + 1 90S
41 129 128 LB 173 33.0 15 11 + 34 10MSS
42 83 102 LB 120 37.6 15 11 - 34 5R
43 83 107 LB 118 29.8 13 9.5 - 0 30MSS
44 84 76 LB 119 253 12 8.5 - 0 90S
45 83 122 LB 115 273 15 10.5 - 1 90S
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Table 32. Phenotypic and disease characterization of D-genome synthetic hexaploids that combined durum wheat
cultivars with Aegilops tauschii accessions. FLOW = days-to-flowering, HT = plant height at maturity (cm), AWN =
awn color (LB = light brown, AW = amery white, Y = yellow, and DB = dark brown), PMA = days to physiological
maturity, TKW = 1,000-kernel weight (g), G/S = grains/spike, SL = spike length (cm), KB = Karnal bunt reaction (— =
immune, + = susceptible), Yr (S) = reaction to stripe rust at the seedling stage, Yr (A) = reaction to stripe rust at the
adult—plant stage (R = resistant, TR = trace resistant, MR = moderately resistant, MS = moderately susceptible, M =
overlapping of MR-MS types, MSS = moderately susceptible to susceptible, S = susceptible, and TS = trace suscepti-
ble).
Entry | FLOW HT AWN PMA | TKW G/S SL KB Yr (S) Yr (A)

46 72 98 LB 112 25.5 14 10 + 1 90S

47 72 96 LB 109 38.5 16 12 + 1 90S

48 74 120 LB 112 29.6 15 10 - 34 90S

49 76 103 LB 114 29.5 12 9 - 89 0

50 76 99 LB 113 30.5 14 10.5 + 0 0

51 72 100 LB 109 31.5 13 11.5 + 0 708

52 66 106 LB 106 36.5 12 9.5 + 0 708

53 70 98 LB 106 37.0 14 11 - 78 90S

54 83 108 LB 118 36.5 16 11 - 0 10R

55 70 104 LB 106 31.5 14 10 + 34 90S

56 138 114 LB 167 30.5 14 10 + 78 90S

57 72 111 LB 106 32.6 15 10.5 + 0 90S

58 83 92 LB 115 32.5 13 9.5 + 0 30MSS

59 66 111 LB 108 31.2 12 9 + 34 708

60 66 98 LB 105 30.5 13 9 + 0 30MRMS

61 83 92 LB 114 29.5 16 12 + 23 90S

62 69 96 LB 106 37.3 15 10 + 89 10R

63 72 111 LB 109 35.3 13 9.5 + 89 10R

64 72 121 LB 113 34.5 12 10 + 89 10R

65 73 120 LB 112 40.0 11 10 + 1 90S

tion estimated genetic distances between the genotypes as follows: Gny =1- dxy/dX + dy - dxy, where GDXy = genetic
distance between two genotypes, dXy = total number of common loci (bands) in two genotypes, d_= total number of loci
(bands) in genotype 1, and dy = total number of loci (bands) in genotype 2. The efficiency of primers to amplify the
genotypes ranged from maximum from 34 (OPC-5) to one (OPA-9) (Table 33, p. 136). Scorable bands ranged from
four (OPG-18, OPI-11, OPJ-9, OPJ-13) to 185 (OPC-15) (Table 33, p. 136). Genetic analysis of the population showed
that the total number of loci reached 194, out of which 164 were polymorphic, and the percentage of polymorphism was
84.53% (Table 33, p. 136). The range of scorable bands was from 250-3,000 bp.

Similarity matrix. Bivariate analysis was conducted to generate a similarity matrix and dendrogram using Nei and Li’s
coefficient to estimate genetic diversity. The value of similarity matrix ranged from 70.3% (minimum) between geno-
types 6 and 49 and was 100% (maximum) in 33 combinations.

Dendrogram interpretation. The GD between genotypes were used to construct a dendrogram by UPGMA analysis
for determining grouping of the lines on the basis of similarities and differences. The dendrogram shows only one main
cluster with two subclusters, A and B (Fig. 22, p. 137). Subcluster A has 66 genotypes of which 16 is the most diverse
line and 2, 18, 50, 54, 61,69, 71,72, and 73 have 100% similarity to each other. Some other good lines in subcluster A
include 3, 13, 15, 19,23, 24,57, and 76. Subcluster B has 12 genotypes of which 1, 25, and 41 are the best lines.

Evaluation of genetic diversity using simple sequence repeats (SSR) primers. SSR primers were used for genetic
diversity evaluation of A-, B-, and D-genome synthetic hexaploids. All 275 SSR primers were applied to detect genetic
polymprphism at the DNA level. Samples that did not amplify were not included in the analysis, The genetic analysis
was similar to that for RAPD primers. The efficiency of primers to amplify the genotypes ranged from a maximum of
60 (Xgwm437-7D) to two (Xgwm18-1B, Xgwm210-2B, Xgwm257-2B, Xgwm285-3B, and Xgwm102-2D) (Table 34, pp.
139-140).
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Table 33. Molecular fingerprinting pattern by RAPDs in D—genome wynthetic hexaploids (Same Ae. fauschii acces-
sions with different durums)
Primer Polymor- % Samples Scorable Amplification
number| Primer | Totalloci | phicloci | polymorphism gmplified bands product 4ange (bp)
1 OPA-2 4 4 100% 13 26 500-1,500
2 OPA-3 7 5 71.42% 9 21 1,000-2,000
3 OPA-4 1 1 100% 5 5 7,50—1,000
4 OPA-7 8 6 75% 8 18 1,000-2,500
5 OPA-9 5 0 0% 1 5 750-3,000
6 OPA-13 8 6 75% 16 40 750-3,000
7 OPB-5 2 2 100% 13 14 1,000-2,500
8 OPC-1 3 3 100% 7 13 1,000-2,000
9 OPC-2 10 10 100% 20 59 750-3,000
10 OPC-5 12 12 100% 34 137 750-2,500
11 OPC-15 12 12 100% 33 185 500-2,500
12 OPC-18 12 8 66.66% 22 45 500-3,000
13 OPD-19 8 0 0% 1 8 500-2,500
14 OPE-19 9 9 100% 12 98 250-2,000
15 OPE-20 9 7 77.77% 28 52 750-2,000
16 OPF-1 10 10 100% 7 25 250-2,500
17 OPG-9 6 6 100% 7 14 750-2,000
18 OPG-15 7 7 100% 11 21 1,000-3,000
19 OPG-18 4 1 25% 2 4 500-2,000
20 OPH-4 6 6 100% 4 12 500-2,500
21 OPH-15 9 9 100% 11 28 500-2,500
22 OPI-4 10 10 100% 11 27 250-2,000
23 OPI-11 3 1 33.33% 2 4 500-2,000
24 OPJ-9 4 4 100% 4 4 1,000-1,500
25 OPJ-12 6 6 100% 4 18 250-15,00
26 OPJ-13 3 3 100% 3 4 500-750
27 OPK-19 6 6 100% 14 34 500-2,000
28 OPK-20 10 10 100% 11 25 500-2,500

The scorable bands ranged from two (Xgwm210-2B, Xgwm257-2B, and Xgwm157-2D) to 120 (Xgwm192-5D)
(Table 34, pp. 138-139). A genetic analysis of the population showed that the total number of alleles reached 208, of
which 204 were polymorphic, and the percent polymorphism was 98.07% (Table 34, pp. 138-139). The range of scora-
ble bands was from 50-500 bp.

Similarity matrix. Bivariate analysis was conducted to generate a similarity matrix and dendrogram using Nei and Li’s
coefficient to estimate genetic diversity. The value of similarity matrix ranged from 60.5% (minimum) between geno-
types 7 and 1 and 7 and 49 and 98.6% (maximum) between 75 and 78 and 74 and 75.

Dendrogram interpretation. The dendrogram (Fig. 23, p. 137) shows one main cluster with subclusters A and B.
Subcluster A can further be divided into two groups Al and A2, with 10 and 57 genotypes, respectively. Group Al has
the most diverse genotype, 7, and other good lines include 9, 53, and 64. In group A2, 5,39, 46, 63, and 77 are highly
diverse genotypes. Subcluster B has 11 genotypes with 1 as the most diverse and 8 and 15 as highly diverse lines.

Same Ae. fauschii accession and different durum wheat cultivars. Contrary to the previous study (this issue: pp. 123-
131), the influence of the same Ae. tauschii accession across diverse durum cultivars was observed across some group
categories. This set of materials involved 22 groups with a total number of 78 entries that were studied for phenotypic,
biotic stress, and molecular parameters. Across the entire group, days-to-flowering ranged from 66 days (entries 52, 59,
60, 68, and 71), spike length was satisfactory (line 71 was 14 cm), and a 1,000-kernel weight of 69.2 g was observed

for entry 7. The best entries on the basis of overall phenotype were 7,40, 71, and 77 with the most desirable being 71,
because it is the earliest flowering and has the longest spike length. Karnal bunt resistance was found in entries 7 and 77.
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The molecular diversity of these 78
entries was deduced from RAPD and SSR
analysis. Entries 1, 3,13, 15,16, 19,23, 24,
25,41, 57, and 76 exhibited higher levels of
diversity when analyzed by RAPDs. The
most diverse were 1,5,7,8,9, 15, 39, 46,
53,63,64,and 77. Entries 1 and 15 were
highly diverse for both RAPDs and SSRs.
For biotic stress, entries 7 and 77 were the
best for KB resistance, possessed good
phenotypic traits, and are good candidates for
future breeding efforts.

For some specific same Ae. tauschii/
durum wheat cultivar groups, synthetic
groups 1 of 4 (entries 1, 39, 45, and 49)
involved accession 1026. Entries 45 and 49
have KB resistance, entry 1 has stripe rust
resistance at the seedling and adult-plant
level and also is the most diverse genetically
(RAPD/SSR). Entries 39 and 49 have APR
and with the overall picture it is concluded
that entry 49 possessing KB, APR for stripe
rust, and good phenotype will be the ideal
candidate for breeding.

Group 2, where the alien accession
was 665, was comprised of three synthet-
ics (2, 20, and 78). Of these entries, 2 and
20 are immune to KB and 2 has seedling
and adult-plant strip rust resistance. Entry
2 is a desirable breeding parent with highest
genetic diversity in the group based on SSR
analysis.

Group 9 has six synthetics struc-
tured on the alien accession number 507,
including SH 9, 26, 28,43, 59, and 74. All
entries except 59 and 74 are immune to KB;
none are resistant to stripe rust. The diver-
sity was high in entries 26 and 43 through
RAPDs and 9 and 26 through SSRs. Be-
cause of its diversity, entry 26 is a preferred
candidate for breeding utilization with KB
resistance as an added positive attribute.

In group 22, seven synthetics in-
volved Ae. tauschii accession 333, including
37,53,55,62,64,70,and 72. All except 53
and 72 were susceptible to KB and entries
62, 64 had APR for stripe rust. Entry 64
had the maximum molecular diversity based
upon RAPD and SSR analysis and possesses
more positive attributes to give it high prior-
ity in breeding.
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Fig.23. An SSR-based cluster formation of genotypes with synthetic
hexaploids derived from the same Ae. tauschii accessions and diverse
durum cultivars.
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Table 34. Molecular fingerprinting pattern by SSRs in D-genome synthetic hexaploids derived from the same Ae.
tauschii with different durums).

Amplification
Primer Polymorphic Y% Samples | Scorable | product range
number| Primer Total loci loci polymorphism | amplified | bands (bp) PIC
1 Xgwm99-1A 3 3 100% 5 7 50-150 0.31
2 Xgwml0-2A 4 4 100% 8 11 50-150 0.44
3 Xgwm47.1-2A |4 4 100% 20 23 50-200 041
4 Xgwmd72-2A |2 2 100% 4 5 50-200 0.21
5 Xgwm71.1-2A | 18 18 100% 23 60 50-100 0.78
6 Xgwm95-2A 3 2 66.67% 6 7 50-100 0.84
7 Xgwm296-2A | 6 6 100% 17 28 50-200 0.75
8 Xgwm312-2A |1 1 100% 12 12 200 0.00
9 Xgwm558-2A |2 2 100% 5 5 50-200 0.32
10 Xgwm?205-5A |1 1 100% 7 7 150 0.00
11 Xgwm291-5A |3 3 100% 4 4 100-150 0.62
12 Xgwml69-6A |2 2 100% 10 11 100-200 0.09
13 Xgwm494-6A | 4 4 100% 17 20 50-200 0.42
14 Xgwmll-1B 5 4 80% 8 11 50-150 0.47
15 Xgwmi8-1B 5 5 100% 2 6 100-200 0.77
16 XgwmlI24-1B |4 4 100% 3 6 50-150 0.69
17 XgwmlI31-1B |2 2 100% 3 3 200 0.00
18 Xgwmi40-1B |3 3 100% 8 10 50-150 0.21
19 Xgwm?210-2B | 1 1 100% 2 2 200 0.54
20 Xgwm257-2B | 1 1 100% 2 2 100 0.00
21 Xgwm319-2B | 6 6 100% 4 11 50-200 0.78
22 Xgwm284-3B | 1 1 100% 7 7 500 0.00
23 Xgwm285-3B |5 5 100% 2 6 50-200 0.73
24 Xgwm66-4B 5 5 100% 12 18 50-200 043
25 Xgwmll3-4B |1 1 100% 4 4 50 0.00
26 Xgwmi49-4B |1 1 100% 4 4 50 0.00
27 Xgwml02-2D |2 2 100% 2 2 150-200 0.50
28 Xgwml57-2D |5 5 100% 13 21 50-150 0.73
29 Xgwm249-2D | 6 6 100% 8 23 50-150 0.76
30 Xgwm261-2D |6 6 100% 26 33 50-200 0.54
31 Xgwm296-2D |5 5 100% 47 53 150-200 0.62
32 Xgwm301-2D | 4 4 100% 50 51 50-150 0.45
33 Xgwm320-2D | 3 3 100% 24 24 200-250 0.55
34 Xgwm455-2D | 3 2 66.67% 16 17 100-200 0.06
35 Xgwm484-2D |7 7 100% 17 35 50-250 0.80
36 Xgwm539-2D |5 5 100% 58 65 50-150 0.47
37 Xgwm608-2D | 4 4 100% 23 30 100-200 0.61
38 Xgwm3-3D 3 3 100% 57 62 50-100 0.29
39 Xgwm383-3D | 4 4 100% 51 51 200-250 0.45
40 Xgwm456-3D |2 2 100% 43 56 50-150 0.28
41 Xgwmi190-5D |5 5 100% 35 37 200-250 0.48
42 Xgwm192-5D |4 4 100% 54 120 100-250 0.70
43 Xgwm269-5D | 6 6 100% 35 70 100-250 0.73
44 Xgwm272-5D |3 3 100% 6 6 50-150 0.50
45 Xgwm?292-5D |4 4 100% 28 28 150-500 0.56
46 Xgwm358-5D |7 7 100% 37 43 50-500 0.49
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Table 34. Molecular fingerprinting pattern by SSRs in D-genome synthetic hexaploids derived from the same Ae.
tauschii with different durums).
Amplification
Primer Polymorphic Y% Samples | Scorable | product range
number| Primer Total loci loci polymorphism | amplified | bands (bp) PIC
47 Xgwm565-5D |5 4 80% 51 101 150-250 0.66
48 Xgwm55-6D 5 5 100% 51 86 100-200 0.74
49 Xgwm325-6D |4 4 100% 13 13 50-200 0.48
50 Xgwm469-6D |7 7 100% 48 68 150-250 0.73
51 Xgwm?295-7D |2 2 100% 3 3 50-250 0.44
52 Xgwm350-7D |2 2 100% 8 8 100-150 0.37
53 Xgwm428-7D | 1 1 100% 25 25 150 0.00
54 Xgwm437-7D | 1 1 100% 60 60 100 0.00

In the absence of the involved Ae. tauschii accession in each synthetic, the precise answers of genomic interac-
tions cannot be obtained. From each group, it is apparent that this intergenomic phenomenon is present because the KB
immunity of the durum wheat cultivars is differentially expressed in each group’s derived synthetic combination. Those
giving susceptible SHs indicate that the D genome has masked the expression of the durum genomes. This experiment
allows the selection of SH parents for use in breeding and at the same time has opened up avenues that will be interesting
to follow in the future to unravel how the D genome acts in different durum wheat backgrounds. For greater precision, it
may be appropriate to purify each Ae. fauschii accession and then design a study that targets the purified accessions influ-
ence upon trait expression.

Analysis of cytoplasmic influence across durum and Ae. tauschii pairs for diversity and other
traits.

Alvina Gul Kazi, Awais Rasheed, Farrukh Bashir, Hadi Bux, Arsa- - X -

lan Ahmed, and Abdul Mujeeb-Kazi. Table 35. The primary set of sygthetlcs cons1st—“
ing of crosses ‘durum wheat cultivar/Ae. tauschii

From the primary set of synthetics an experimental set was made ?;;ZSSIOH and their reciprocal cross combina-

consisting of crosses ‘durum wheat cultivar / Ae. tauschii acces- . .

sion” and their reciprocal cross combinations, which comprised four Group D-genome' synthetic | Total nm?lber

combinations and eight entries. This subset was designed to study number hexaploid entry of entries

the inheritance of different genes and also to identify the effect of 1 1,6 2

any cytoplasmic inheritance. The eight entries were screened for 2 2,5 2

Karnal bunt and stripe rust resistance, phenotypically characterized, |3 3,4 2

and analyzed with RAPD and SSR primerss for molecular charac- 4 7,8 2

terization (Tables 35 and 36).

Table 36. Pedigrees of the Ae. tauschii

Stripe rust studies. Seedling screening showed that five of the eight lines used in the crosses with durum
(62.5%) were resistant (Table 37, p. 140). These genotypes were also wheats.

screened for APR under field conditions at NARC; again, five of eight Entry

(62.5%) lines were resistant. Two of the eight genotypes (entries 4 and 5, number Pedigree

255) possess both seedling and adult-plant resistance. This germ plasm
represents presence of major genes against stripe rust and can be exploited
further in breeding programs.

Ae. tauschii (1026)/DOY 1
Ae. tauschii (1018)/DOY 1
Ae. tauschii (1029)/DVERD_2
DVERD_2/Ae. tauschii (1029)
DOY 1/Ae. tauschii (1018)
DOY 1/Ae. tauschii (1026)
DVERD_2/Ae. tauschii (1031)
Ae. tauschii (1031)/ DVERD_2
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Adult plant resistance involving susceptibility at seedling stage
and resistance only at the adult-plant stage is an indicator of the pres-
ence of minor genes that are considered of great importance against rust
diseases in acquiring durable resistance. Three genotyps (1, 2, and 3) out
of eight (37.5%) had APR and are good candidates for providing durable
resistance to wheat cultivars.
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Karnal bunt studies. Karnal bunt (KB) evaluation was done by examining the grains following artificial inoculation.
Grains from each entry were examined separately after hand threshing and rated on a scale was from 0 to 5 (see Fig. 2,
p- 87). Only rating scale of O was considered acceptable and all others as susceptible. We found that five of the eight
entries (62.5%), including lines 1,2, 3,5 and 8, were completely immune (Table 37).

Table 37. Phenotypic and disease characterization of D-genome synthetic hexaploids involved in crosses ‘durum
wheat cultivar/Ae. tauschii accession’ and their reciprocals (see Table 36, p. 139 for pedigree information). FLOW =
days-to-flowering, HT = plant height at maturity (cm), AWN = awn color (LB = light brown, AW = amery white, Y =
yellow, and DB = dark brown), PMA = days to physiological maturity, TKW = 1,000-kernel weight (g), G/S = grains/
spike, SL = spike length (cm), KB = Karnal bunt reaction (— = immune, + = susceptible), Yr (S) = reaction to stripe
rust at the seedling stage, Yr (A) = reaction to stripe rust at the adult—plant stage (R = resistant, TR = trace resistant,
MR = moderately resistant, MS = moderately susceptible, M = overlapping of MR-MS types, MSS = moderately

susceptible to susceptible, S = susceptible, and TS = trace susceptible).

Entry | FLOW HT AWN PMA TKW G/S SL KB Yr (S) Yr (A)
1 85 119 LB 117 325 15 13 - 78 10R
2 91 116 LB 123 36.6 13 13 - 67 5R
3 85 125 LB 119 353 12 10 - 89 10MR
4 76 95 LB 112 45.8 14 10 + 0 10MR
5 65 100 LB 105 37.5 15 12 - 0 10MR
6 70 123 LB 109 335 15 12 + 0 30S
7 75 102 LB 113 29.5 12 11 + 0 30MS
8 88 110 LB 122 349 15 12 - 0 90S

Molecular studies. Genetic diversity evaluation using random amplified polymorphic DNA (RAPD) primers. RAPD
primers were used for genetic diversity evaluation of D-genome synthetic hexaploids. All 520 RAPD primers of Operon
Series were screened and working primers were identified and applied to detect genetic polymorphism at DNA level.
Samples that did not amplify were not included in the analysis.

Genetic analysis was performed only on the scorable bands. Every single band was considered as a single lo-
cus/allele. The loci were scored as present/absent. Bivariate data 1-0 were used to estimate genetic distances (GD). The
unweighted pair group of arithmetic means (UPGMA) function was used to estimate the GD between the genotypes as
follows: GDxy =1- dxy/dX +d — dxy, where GDXy = genetic distance between two genotypes, de = total number of com-
mon loci (bands) in two genotypes, d = total number of loci (bands) in genotype 1, and dy = total number of loci (bands)
in genotype 2.

Efficiency of primers to amplify the genotypes ranged from maximum from eight (OPD-13 and OPI-19) to
one (OPA-7, OPA-11, OPA-13, OPB-3, OPB-12, OPB-13, OPB-16, OPC-14, OPE-4, OPG-7, OPH-12, OPI-17, OPM-
9, 0PM-12, OPQ-7, OPQ-8, OPR-11, OPS-5, OPS-7, OPT-14, OPT-15, OPW-16, OPW-17, and OPX-12) (Table 38,
pp- 142-144). Scorable bands ranged from one (OPA-7, OPA-11, OPA-13, OPB-3, OPB-12, OPC-14, OPE-4, OPI-17,
OPM-9, and OPV-14) to 33 (OPQ-9) (Table 38, pp. 141-143).

Genetic analysis of the population showed that the total number of loci was 419, of which only 217 were poly-
morphic; 51.78% polymorphism (Table 38, pp. 141-143). The range of scorable bands was from 500-3,000 bp.

Similarity matrix. A bivariate analysis was conducted to generate a similarity matrix and dendrogram using Nei and Li’s
coefficient to estimate genetic diversity. In this experiment, the minimum value of 41.9% was found between genotypes
3 and 5 and the maximum value of 73.8% was present between genotypes 7 and 8.

Dendrogram interpretation. The genetic distances between genotypes were used to construct a dendrogram by UPGMA
analysis for determining grouping of the lines on the basis of similarities and differences. In case of this experiment, the
dendrogram shows one main cluster with two more sub-clusters A and B (Fig. 24, p. 144). Subcluster A has only two
genotypes 5 and 6 and subcluster B is divided into two groups with three genotypes each.

Genetic diversity evaluation using simple sequence repeat (SSR) primers. SSR primers were used for genetic diversity
evaluation of A-, B-, and D-genome synthetic hexaploids. All 275 SSR primers were applied to detect genetic poly-
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Table 38. Molecular fingerprinting pattern by RAPDs in D-genome synthetic hexaploids (durum/D-gen